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ABSTRACT

Validation of a Brief Prosody Rating Scale for Children with Autism Spectrum Disorder

by

Sarai S. Holbrook, Doctor of Philosophy
Utah State University, 2020

Major Professor: Dr. Sandra Gillam
Department: Special Education and Rehabilitation

Speech prosody differences have been noted in persons with autism spectrum
disorder (ASD) since its presentation as a clinical entity. Yet, despite many studies, no
universal characterization of speech prosody in ASD has been identified. Evidence can be
found for speech prosody in ASD being under modulated, not different from typical, or
overly variable. For those persons whose speech prosody is atypical and interferes with
daily functioning, valid, reliable, and efficient assessments of speech prosody are needed.
Currently, there are only three validated assessments for speech prosody specific to ASD
and none of them are simultaneously valid, reliable, and efficient.
The purpose of this study was to design, validate, and establish sufficient
reliability of a one-item, 7-point continuous analogue rating scale for screening the
speech prosody of children with ASD. Additionally, I investigated whether a brief, online
training would improve reliability. The rating scale ranged from 1-7 with anchors at 1
(monotonous), 4 (typical), and 7 (overly modulated). Thirty-five 30-second audio clips
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were chosen from archival databases of children with ASD and neurotypical development
who participated in a previous narrative intervention study and the normative samples of
both versions of the Test of Narrative Language. Three expert speech-language
pathologists (SLPs) selected clips for the end and mid points of the scale and developed
“gold standard” ratings. Three of these were used in a short, online training. A total of 42
ASHA-certified SLPs with experience in treating children with ASD rated 20 of the
audio clips at two time points. Twenty of the SLPs participated the online training prior
to rating.
Analyses were conducted using linear mixed-effects modeling to account for lack
of independence between audio clips and participants. Models were built using a
research-question, theory-based modeling approach. Results indicated moderate levels of
inter- and intra-rater reliability, with the exception of intra-rater reliability for the trained
group, which was good (ICC = 0.76). The results also partially supported the validity of
the scale in its content, its relations to other variables, raters’ response processes, and the
consequences of testing. Currently, this prosody rating scale requires further validation
before wide use.
(133 pages)
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PUBLIC ABSTRACT

Validation of a Brief Prosody Rating Scale for
Children with Autism Spectrum Disorder

Sarai S. Holbrook
Differences in the speech prosody, or “melody” of speech, of persons with autism
spectrum disorder (ASD) have long been noted by researchers. Yet, despite many studies,
researchers have not identified a universal description of speech prosody in ASD. It may
be flat or monotonous, not different from typical, or overly variable. However, atypical
speech prosody can immediately set someone apart from their peers. This distinction
could negatively social, academic, and vocational interactions. For those persons with
ASD whose speech prosody is different from typical and interferes with daily
functioning, valid, reliable, and efficient assessments of speech prosody are needed.
Currently, there are only three validated assessments for speech prosody specific to ASD
and none of them are simultaneously valid, reliable, and efficient.
The purpose of this study was to design, validate, and establish sufficient
reliability of a one-item, 7-point continuous rating scale for screening the speech prosody
of children with ASD. Additionally, I investigated whether a brief, online training would
improve reliability. The rating scale ranged from 1 (monotonous) to 7 (overly variable).
Thirty-five 30-second audio clips from previous studies were chosen from children with
ASD and neurotypical development. Three expert speech-language pathologists (SLPs)
selected clips for the end and mid points of the scale and developed “gold standard”
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ratings. A total of 42 ASHA-certified SLPs with experience in treating children with
ASD rated 20 of the audio clips at two time points. Twenty of the SLPs participated the
online training prior to rating.
Analyses were conducted using linear mixed-effects modeling, which were built
using a research-question, theory-based modeling approach. Results indicated moderate
levels of reliability, except for intra-rater reliability in the trained group, which was good
(ICC = 0.76). The results also partially supported the validity of the scale; however, this
prosody rating scale requires further study and development before wide use.
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CHAPTER 1
INTRODUCTION
Speech Prosody in Autism Spectrum Disorder
Atypical speech prosody often sets speakers with autism spectrum disorder (ASD)
apart from peers who have neurotypical development (NTD; Filipe et al., 2014; Fusaroli
et al., 2017; Nakai et al., 2017). Speech prosody is defined as a group of speech
characteristics that exist above the level of words, phrases, and sentences in connected
speech (Filipe et al., 2014; Fusaroli et al., 2017; Nakai et al., 2017). These characteristics
may include rate, pitch or intonation, stress, pauses, intensity, and duration (Shriberg et
al., 1992; Stevens et al., 1983; Szczepek Reed, 2011). While any one of these
characteristics are related to the holistic conceptualization of speech prosody, the concept
of speech prosody is not adequately captured by one or two characteristics, but rather the
synthesis of all of them in emerging discourse (Szczepek Reed, 2011; Tseng et al., 2005).
Atypical prosody can adversely affect interactional partners’ perceptions of and reactions
to persons with ASD and thus can have far-reaching effects academically, socially, and
vocationally (Gordon et al., 2019; Peppé, 2009; Schölderle et al., 2016; Szczepek Reed,
2010; Wiklund, 2016; Wynn et al., 2018).
From the earliest conceptualizations of ASD, unusual speech prosody was
included in descriptions of the disorder (Asperger, 1944, 1991; Kanner, 1943). However,
accounts were not specific nor consistent about the nature of atypical speech prosody.
Kanner included both parents’ and therapists’ observations about prosody in his 1943
report of 11 case studies. For example, descriptions included “he…uttered inarticulate
sounds in a monotonous singsong manner” (p. 232), “her voice is peculiarly
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unmodulated” (p. 241), and “she speaks well on almost any subject, though with
something of an odd intonation” (p. 241). Asperger (1944, 1991) also reported on the
prosody of cases he observed. Depending on the case, he described speech prosody as
being monotonous as well as “sing-song” (p. 42). He specifically noted the variability of
prosody across individuals:
If one listens carefully, one can invariably pick up these kinds of
abnormalities in the language of autistic individuals…. The abnormalities
differ, of course, from case to case. Sometimes the voice is soft and far
away, sometimes it sounds refined and nasal, but sometimes it is too shrill
and ear-splitting. In yet other cases, the voice drones on in a sing-song and
does not even go down at the end of a sentence. Sometimes speech is overmodulated and sounds like exaggerated verse-speaking. However, many
possibilities there are, they all have one thing in common: the language feels
unnatural (Asperger, 1944, 1991, p. 70).
As can be seen, from the very first descriptions of ASD, the speech prosody of
persons with ASD did not follow a consistent pattern of being either under-modulated or
overly variable, but both, sometimes in the same individual. Current research continues to
reflect this apparent incongruity (Fusaroli et al., 2017; Kissine & Geelhand, 2019 - see
discussion in particular). Despite continued efforts to characterize atypical speech
prosody in persons with ASD as either overly variable or overly monotonous, there is still
little consensus about the exact nature of prosody in ASD (Fusaroli et al., 2017; Redford
et al., 2018).
The strongest research examining speech prosody in persons with ASD to date is
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a systematic literature review and series of meta-analyses by Fusaroli and his colleagues
(2017). This review included 30 studies which compared prosodic characteristics of
persons with ASD and persons with NTD (univariate studies) and 15 machine-learning
studies (multivariate studies). A total of 3,114 participants were included in the literature
review and meta-analyses, 966 of whom had ASD. The univariate studies included
analyses on various prosodic characteristics including mean pitch, pitch variability, pitch
and severity of clinical features of ASD, mean intensity, intensity variability, duration,
and vocal quality. The purpose of the machine learning studies was to detect differences
in given data sets, then determine group membership based on patterns in the data. Metaanalyses were run on any prosody feature that had at least five studies with statistical
estimates of the results to produce Cohen’s d effect sizes. There were not enough data
from the machine-learning studies to combine them into overall estimates of
sensitivity/specificity.
The multivariate studies summarized in Fusaroli et al.’s review consistently
differentiated between persons with ASD and NTD, however, they were not able to
pinpoint a prosodic characteristic that was primarily responsible for distinguishing
between the two groups. The univariate studies suggested that persons with ASD might
have had elevated mean pitch F0 and a wider standard deviation of mean F0 than persons
with NTD. Standard deviation of F0 is an acoustic correlate closely related to a perceived
“singsong” prosody pattern noted by both Asperger and Kanner. No other individual
prosody characteristics showed consistent differences between persons with ASD and
those with NTD. However, Fusaroli and his colleagues strongly emphasized that their
evidence was not robust enough to firmly conclude that high, variable mean F0 was a
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universal marker of ASD. This is partly because the evidence from the articles included
in the review was quite variable in the reported speech prosody characteristics of persons
with ASD. There was evidence in the individual studies that speech prosody in persons
with ASD was not different from those with NTD, that it was more modulated, and that it
was less modulated. Research conducted since the Fusaroli et al. review and metaanalyses has been consistent with these patterns of inconsistency. Some research suggests
speech prosody patterns may be less variable in some persons with ASD (Kissine &
Geelhand, 2019; Nakai et al., 2017). Other studies have found no difference in prosody
between persons with ASD and persons with typical development (Dahlgren et al., 2018).
The fact that research findings conflict over what characterizes speech prosody in
ASD in general seems to fit with Asperger’s original observation that, “abnormalities
differ… from case to case” (Asperger 1944, 1991, p. 70). It is possible that after 75 years,
we have fallen into the trap of “[letting] each child’s unique personality vanish behind the
type” (Asperger 1944, 1991, p. 70) when we seek to define speech prosody in ASD as
having any universal presentation. Rather, it seems more productive to screen each
individual with ASD to see if a) speech prosody is atypical for that individual and b) the
individual’s speech prosody patterns adversely affect their interpersonal interactions
(Filipe et al., 2014; Grossman et al., 2013; Paul, Augustyn, et al., 2005). To effectively
assess speech prosody patterns of persons with ASD to determine if prosody is an area
for intervention, we need brief, yet valid and reliable screening tools of speech prosody
for persons with ASD that reflect the range of patterns possible in this population (Diehl
& Paul, 2009; Peppé, McCann, Gibbon, O’Hare, & Rutherford, 2006). The aim of this
study was to develop and validate such an assessment tool.
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Acoustic vs. Perceptual Measurements of Speech Prosody
Over the years, speech prosody has been measured both acoustically and
perceptually. The main difference between acoustic and perceptual correlates of prosody
is method of measurement. Acoustic analysis has been defined as, “measurement of the
quality of phonation in terms of frequency, intensity, and time” (Nicolosi et al., 2004, p.
3). Acoustic correlates of prosody include fundamental frequency, intensity, duration, and
rate. These correlates are objectively measured using a variety of instruments including
acoustic analysis programs and software, sound-level meters, mobile applications, and
stop watches (Edgerton & Wine, 2017; Simmons et al., 2016; Szczepek Reed, 2011).
Perceptual analysis refers to “the description of sound after it has been received and
interpreted in terms of pitch, loudness, and quality” (Nicolosi et al., 2004, p. 231-232).
Perceptual correlates of prosody are subjectively rated by the people who perceive the
signal (Szczepek Reed, 2011). These correlates of prosody may include pitch, intonation,
emphasis, and phrasing.
As can be seen by the definitions of acoustic and perceptual analysis, these two
methods of measuring speech prosody are related, but not identical. For instance,
fundamental frequency (F0) is an acoustic measurement that refers to the “number of
complete opening and closing cycles of the vocal folds per second” (Szczepek Reed,
2011, p. 25). It is measured in Hertz (Hz). The perceptual correlate of F0 is pitch and is
characterized in terms of its relation to other parts of the discourse or in comparison to
other persons (Nicolosi et al., 2004; Szczepek Reed, 2011). For example, if a man’s
typical F0 is around 120 Hz and he suddenly begins speaking at around 220 Hz, his pitch
will be perceived as being “high”; however this same designation will not be given to a
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woman who habitually speaks at 220 Hz, even though the number of opening and closing
cycles of the vocal folds are the same between the two people. There are perceptual
correlates for many other acoustic measures of prosody. Intensity is heard as loudness.
Duration is heard as length. Rate is heard as speed or quickness of speech. While the best
measures of perceptual and acoustic prosodic deficits in children with ASD is a matter of
debate in the literature, both have been used reliably (Adams, 1992; Azizi et al., 2016;
Bone et al., 2015; Filipe et al., 2014; Kargas et al., 2016; McCann & Peppé, 2003; Nadig
& Shaw, 2012).
Reliability and Validity
Reliability and validity in measurement are of primary concern in behavioral
testing, which includes the assessment of speech prosody. Together, the American
Educational Research Association (AERA), American Psychological Association (APA),
and the National Council on Measurement in Education (NCME) published updated
guidelines in 2014 detailing standards that measurement instruments needed to meet for
adequate reliability and validity.
Reliability. Regarding reliability, the 2014 AERA, APA, and NCME guidelines
outlined one overall standard with 19 supporting standards grouped into eight “thematic
clusters” (American Educational Research Association et al., 2014, p. 42). The
overarching reliability standard reads, “Appropriate evidence of reliability/precision
should be provided for the interpretation for each intended score use” (p. 42). Overall,
measurement instruments should take into account a variety of possible sources of error
that might affect the reliability or precision of the instrument across contexts and raters.
In the present study, I addressed reliability both between (interrater reliability) and within
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raters (intra-rater reliability) then examined the effects of a brief training on the inter- and
intra-rater reliability coefficients.
Validity. The main validity standard published by AERA, APA, and NCME
(American Educational Research Association et al., 2014) emphasized the need to
validate measures for their intended purpose. If there are multiple purposes, the validity
of the measure needs to be established for each purpose. The standards outline five areas
of evidence that are needed to support the validity of a given measure. These areas are
evidence of test content, response processes, internal structure, relations to other
variables, and consequences of testing.
Test content evidence of validity. Evidence for a test’s validity based on its
content investigates the relationship between the content of the test and the theoretical
construct it is designed to measure (American Educational Research Association et al.,
2014). Validity evidence for content is evaluated using a combination of expert opinion,
evidence from empirical studies, and logical analyses of the relationship between the test
content and the theoretical construct being analyzed (American Educational Research
Association et al., 2014; Furr, 2018). Validity evidence for the content of the current
prosody rating scale was based on definitions of speech prosody proposed by previous
authors (Szczepek Reed, 2011; ’t Hart et al., 1990; Tench, 1996; Wichmann, 2000), and
on descriptions of speech prosody in ASD in published literature (Dahlgren et al., 2018;
Fusaroli et al., 2017; Kissine & Geelhand, 2019; Nakai et al., 2014, 2017; Paul,
Augustyn, et al., 2005). Additionally, speech-language pathologists (SLPs) with
extensive experience in working with persons with ASD gave their input into the
construct of the scale and suggested improvements, which I incorporated.
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Response processes evidence of validity. It is important to demonstrate that the
cognitive processes participants engage in while completing a test or scale match those
that the test developer(s) intended (American Educational Research Association et al.,
2014; Furr, 2018). For instance, a multiple-choice test might be designed to assess
content knowledge at the end of an instructional unit. The intended cognitive process
would be for a test taker to think about what information is being requested and to
retrieve the appropriate answers from memory. However, a person taking the test might
be responding in such a way as to make a visual pattern on the scantron sheet. When
gathering evidence for the validity of a test, it is important to determine what cognitive
processes were actually employed and how well those processes match the intended
process. Evidence that the cognitive processes used by participants match the processes
expected by the researcher can be directly evaluated by asking participants to describe
their thought processes when completing items or indirectly by evaluating associated
behaviors such as response times, monitoring eye movements, or by asking judges to
assess the processes the participants engaged in (American Educational Research
Association et al., 2014; Furr, 2018).
I gathered evidence of validity based on response processes in the present study
by asking raters to briefly describe how and why they arrived at the ratings they did.
Additionally, I extracted the length of time it took each participant to complete the ratings
and included it as a variable in relevant statistical models. If the participants took an
extremely long time to complete the task (e.g. longer than 3 days for one survey), the
validity of their response process might have been called into question. This could be
especially true if they completed the training, because it is possible that they could have
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forgotten the instructions and training provided, their consistency of responding may
have drifted, and their engagement with the task could have decreased.
Internal structure evidence of validity. Evidence of validity based on the internal
structure of a test refers to the idea that the items of proposed dimensions of a test should
actually reflect the dimensions they are designed to represent. In other words, a test’s
dimensionality should reflect the structure of the underlying theory (or theories) upon
which it’s built (Furr, 2018). The internal structure evidence of validity for a measure is
assessed through factor analyses. These procedures verify that items that should be
correlated in theory are indeed correlated with each other. They are also used to see if test
takers from different groups respond differently to certain items in certain dimensions
(American Educational Research Association et al., 2014). For the current scale, given
that there was only one item on the scale and that item was designed to measure prosody,
the internal structure evidence of validity for the test overlapped with the content
evidence of validity. While it may seem unnecessary to validate an assessment with only
one item, Furr (2011) argued that it might be more necessary to investigate and establish
the psychometric properties of single-item scales because they are more prone to poor
reliability within and between raters.
Relations to other variables evidence of validity. Evidence of validity based on a
measure’s relations to other variables falls into four broad categories: discriminant,
convergent, concurrent, and predictive evidence (American Educational Research
Association et al., 2014; Furr, 2018). Discriminant evidence of validity accumulates
when relations are weak between the test being validated and tests that evaluate different
constructs. Convergent evidence of validity is obtained from examining relations between
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the test being evaluated and other tests which measure the same construct. Concurrent
evidence of validity is gathered when pertinent measures are assessed at the same time as
the test being investigated. Predictive evidence of validity is assessed by examining the
relations between the measure in question and other measures that were given at a later
point in time.
In the present study, I obtained concurrent discriminant evidence of validity by
evaluating the relations between prosody ratings and the narrative proficiency of the
children who provided the audio clips. Narrative proficiency was evaluated using either
the first or second version of the Test of Narrative Language (TNL; Gillam & Pearson,
2004, 2017) for all of these children. While the children exhibited speech prosody while
telling the stories required by the test, it is unlikely that their prosody would have
significantly influenced their narrative proficiency scores because the scoring of the TNL
is based primarily on inclusion of macro- and micro-structural elements of narrative, not
on prosodic elements (Gillam & Pearson, 2004, 2017).
I gathered concurrent convergent evidence of validity by examining the
associations between the ratings on the prosody rating scale and acoustic measures of F0,
ratings of social acceptability, and the ratings of presence/absence of ASD. Since prosody
and F0 and F0 standard deviation are closely related but are not theoretically identical to
the overall construct of speech prosody (Redford et al. 2018), I examined the relations
between ratings on the prosody rating scale and acoustic measures of F0 and F0 standard
deviation. Because atypical prosody has so long been associated with the recognition of
ASD (Asperger, 1944, 1991; Filipe et al., 2014; Kanner, 1943), I evaluated the relations
between the ratings on the prosody rating scale and binary ratings of presence/absence of
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ASD. Similarly, atypical prosody has previously been associated with reduced ratings of
likability (Redford et al., 2018). Establishing predictive evidence of validity was beyond
the scope of this study.
Consequences of testing validity. The consequences of testing, both intended and
unintended, are considered part of the evidence for a test’s validity. Test developers are
responsible for validating the consequences of all the intended interpretations of their
measures (American Educational Research Association et al., 2014). When consequences
are unintentional, but stem from errors in construct underrepresentation or the inclusion
of construct-irrelevant content, this must be evaluated and rectified by test developers. To
the extent possible, consequences of testing should be anticipated and prepared for in test
development (American Educational Research Association et al., 2014).
My intent was that this prosody rating scale would be used by SLPs to screen for
prosody atypicalities as part of a larger language assessment battery. The intended
interpretation of this scale extended only to that of screening. Therefore, the intended
consequences of testing using this measure were binary: if prosody was determined to be
atypical, follow-up assessments of prosody would be conducted; if prosody was
determined to be typical, assessment and intervention resources could be allocated to
other areas. The prosody rating scale was not intended to be interpreted as a complete
assessment of prosody nor as a diagnostic measure for ASD. It was designed to be an
addendum to an existing testing battery in a full speech and language assessment
conducted by qualified SLPs. Nevertheless, it is also possible that demographic factors of
SLP raters, and the children in the audio clips may have interacted in ways that could
have been meaningful for the consequences of testing; therefore, I investigated the
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relations of demographic factors with prosody rating scale scores.
In his chapter on diagnostic systems for ASD, Gillberg (2011) noted that combining a
categorical instrument for initial diagnosis of ASD with several more assessments that
utilize continuous scales to further specify symptomology may be most effective for
assessing persons with ASD. Accordingly, as noted previously, the prosody scale I
developed was designed to be used as part of a battery of assessments to serve the latter
purpose, allowing assessment team members, including SLPs, to develop a precise view
of the areas that are most pressing for intervention and those of relative strength for the
person being assessed.
Perceptual Tools to Assess Prosody in ASD
In the present study, I developed and validated a continuous perceptual rating
scale for assessing prosody in persons with ASD. The ability to quickly and reliably
determine if the prosody of a person with ASD may be adversely affecting social,
academic, and/or vocational functioning is important because intervention time is limited
and there are many possible intervention targets for persons with ASD (Gillon et al.,
2017; Smith & Gillon, 2004; Thurm et al., 2011). If prosody is not a significant problem
for an individual with ASD, this needs to be ascertained quickly so that other areas of
deficit may take precedence in assessment and intervention (Shriberg et al., 1992). On the
other hand, if prosody atypicalities negatively affect functioning in social, academic,
and/or vocational settings, this also needs to be detected quickly so that further
assessment of prosody may be conducted and prosody targets can be incorporated into
treatment planning.
There are few tools available for SLPs to use to assess prosody in ASD that have
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adequate evidence of validity and reliability. While there are several validated
assessments of speech prosody for other communication disorders (e.g. Hosokawa et al.,
2017; Pernambuco, Espelt, & Costa de Lima, 2017; Strand, Duffy, Clark, & Josephs,
2014; Vaz Freitas, Pestana, Almeida, & Ferreira, 2014; Yiu, Chan, & Mok, 2007), at the
time of writing, only three assessments of speech prosody had been validated for persons
with ASD (de Villiers et al., 2007; McSweeny & Shriberg, 2001; S. Peppé & McCann,
2003; Shriberg et al., 1992). The first of these to be developed was the Prosody-Voice
Screening Profile (PVSP; McSweeny & Shriberg, 2001; Shriberg, Kwiatkowski, &
Rasmussen, 1990; Shriberg et al., 1992). Like the current prosody rating scale, the PVSP
measure was designed as a screening tool to determine if prosodic and vocal
characteristics of persons being evaluated were atypical enough to warrant further
assessment. The test evaluates seven domains of prosody/voice: phrasing, rate, stress,
loudness, pitch, vocal quality, and resonance. Evaluation is based on conversational
speech with some utterances excluded if they meet certain criteria (e.g. they are single
words, are unintelligible, have narrative or performance-like characteristics). Samples
must be at least 12 qualifying utterances long, with 24 qualifying utterances required for
more difficult cases or for research purposes, which equates to approximately 10 minutes
of recording time. Coders rate each utterance and then the resulting codes are entered into
a specialized computer program for graphing and analysis, a process which takes an
average of 48 minutes, but which varies widely based on participant and rater
characteristics. Initial training for novice users takes about 15 hours, on average (Shriberg
et al., 1992). Validity was established through reviews of the literature, discussion with
persons expert in voice and prosody analysis, pilot studies, acoustic analyses, and
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comparisons of PSVP scores with expert perceptual analyses. Intra-rater reliability
ranged from 71-100% and interrater reliability ranged from 74-100%. Relative to ASD,
the measure was used to evaluate the prosody/voice characteristics of 30 persons with
ASD who were high functioning as part of the validation process. McSweeny and
Shriberg (2001) found that individuals with ASD did not differ from persons with NTD
on the pitch section of the PSVP. Given that other research suggests that pitch of persons
with ASD differs from those with NTD (Fusaroli et al., 2017; Kissine & Geelhand,
2019), it is possible that this measure was not fully reflective of pitch characteristics of
persons with ASD. Additionally, the time required for training on and scoring this scale is
likely to outweigh the proposed benefits of its use as a screening instrument by SLPs
working with children with ASD. If reliability can be obtained on a shorter screener that
requires less training, it would add substantially to the assessment arsenal of SLPs.
The second prosody assessment that was developed for persons with ASD is The
Profiling Elements of Prosody in Speech-Communication test (Peppé, Maxim, & Wells,
2000; Peppé & McCann, 2003; Wells & Peppé, 2003; Wells, Peppé, & Goulandris,
2004). This test is a standardized, but not norm-referenced measure designed to assess
prosodic function. The measure was designed to assess both receptive and expressive
prosodic abilities in four functional categories: affect, interaction, focus, and chunking.
Another two areas were added in the latest edition of the measure: phrase and lexical
stress. The test was designed, as much as possible to isolate individual prosodic skills.
However, in doing so, the authentic interactional contexts were sacrificed because most
tasks in the test have a very prescribed context. The first revised edition (Peppé &
McCann, 2003) included instructions to gather a semi-structured connected speech
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sample but did not provide sufficient instructions for how to do so consistently across
participants. The test takes approximately 45 minutes to administer and appears to be
useful for selecting intervention targets but does not provide norms with which to
compare participants’ scores, except for approximately 30 persons with high-functioning
ASD.
De Villiers and her colleagues (2007) developed a set of rating scales to assess the
conversational skills of persons with ASD. They analyzed the conversational speech of
46, ten to thirteen-year-old children with ASD. Participants were all verbally fluent and
participated in conversations with an adult from the research team for about 10 minutes.
Conversations were listened to and transcribed to develop a set of nine initial codes of
conversational breakdown. Interrater reliability ranged from fair to almost perfect,
depending on the code (k = .34 - .82). The three codes most directly related to prosody
(i.e. pausing, atypical stress and atypical intonation), had fair to moderate interrater
reliability scores of k = .58, .43 and .79, respectively. The nine codes were later collapsed
into five codes: atypical intonation, terse, semantic drift, perseveration, and pedantic
speech. The resulting “Atypical intonation” and (less directly) “Terse” scales related to
speech prosody and so I will limit further discussion of these rating scales to these areas.
Atypical intonation was defined as a combination of speech that had “a flat, monotone or
‘wooden’ quality” (p. 1377) and “phonological stress (i.e., intonation and inflection)
without contextual support for that stress” (p. 1377). The “terse” scale was a combination
of the original “terse” and “pausing” scales and included minimal responsiveness and
increased pause length.
While the atypical intonation scale in particular was similar in concept to our
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scale, it differed in that it only covered the flat or monotone end of pitch variability in
ASD, whereas the research on prosody in ASD suggests persons with ASD can present
with a range of pitch variability, from monotone to typical to overly variable. Thus, the
intonation rating scale presented by de Villiers et al. (2007) may be useful in some
contexts but does not cover the range of prosody with which persons with ASD may
present (Dahlgren et al., 2018; de Marchena & Miller, 2017; Fusaroli et al., 2017; Kissine
& Geelhand, 2019). Also, the authors also did not calculate interrater reliability for the
final version of their scale, which would be important for a full validation of the scales in
question according to established standards for educational and psychological testing
(American Educational Research Association et al., 2014).
All the three previous measures listed required significant training and
familiarization time in order to use and/or did not have a full validation. Thus, valid,
reliable, and efficient assessments of prosody in ASD are needed to support SLPs when
making treatment decisions with individuals with ASD. As the previous assessments
sought to evaluate specific prosody characteristics with varying results, for the purposes
of screening, I determined that rating the broad construct of speech prosody with one
item would result in the most efficient instrument. Additionally, given that evidence from
the systematic review and meta-analyses performed by Fusaroli et al. (2017) on the
univariate studies did not show consistent patterns in the sub-categories of prosody and
even the machine-learning studies were not able to parse out what exactly what was
“different” in the speech prosody of children with ASD, I did not expect SLPs to be able
to reliably evaluate the individual factors of prosody for a screening with relatively little
training. The goal of developing the present scale was to help streamline assessment for
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practicing SLPs, so I tested the scale to see if no training or a very minimal amount of
training would result in acceptable levels of inter- and intra-rater reliability.
Effects of Training on Ratings
Training can improve the inter- and intra-rater reliability of behavioral ratings
scales (Barsties et al., 2017; Brinca et al., 2015; Eadie & Baylor, 2006; Eadie & KapsnerSmith, 2011; Fay & Latham, 1982; Lee et al., 2009; Melchers et al., 2011; Støre-Valen et
al., 2015; Tabuse et al., 2007). Brinca et al (2015) investigated the effect of anchors and
training on the reliability of voice quality ratings for different types of speech stimuli.
They found that, overall, intra-rater reliability was better than interrater reliability, and
that training that included speech-sample anchors improved reliability. Similarly, Fay and
Latham (1982) found that a 4-hour workshop-type training that focused on participation,
feedback and practice improved participants’ rating abilities.
Melchers et al. (2011) also investigated the effects of training on reliability
measurements of a rating scale. While the rating scale in question differed significantly in
the constructs it evaluated, the training methods used were pertinent for use in this
context. Melchers and colleagues used a 2 x 2 between-subjects design to compare the
effects frame-of-reference training to anchored rating scales on participants’ abilities to
rate performance of potential job candidates in the context of employment interviews.
Frame of reference training referred to the process of giving instruction on a selected trait
or concept for the purpose of developing a shared understanding of that trait or concept.
Descriptively anchored rating scales referred to scales that provided explanations or
examples associated with selected levels of the rating scale. The researchers filmed
several responses to seven interview questions, then asked 199 participants to rate the
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answers on a 5-point scale anchored at 1 (poor), 3 (average), and 5 (good). Participants
received either frame of reference training or a control training prior to viewing the
interview videos. For rating purposes, they received either a descriptively anchored rating
scale or a graphically anchored rating scale. They found that both types of training
improved reliability performance when compared to the control condition, but a
combination of both types of training improved reliability the most. In other words,
participants who developed a common conceptualization of a desired behavior (i.e.
frame-of-reference) and who had the ability to reference examples and descriptions of the
levels of the rating scale (i.e. anchors) were the most reliable on the scale.
For the current study, I modeled both the rating scale and the design of my
training after the Melchers et al. (2011) study. All SLPs in my study had access to three
“anchor” audio clips that represented the extremes and middle of the prosody rating scale
during the rating process. The SLPs who were randomized to the training group
participated in a brief, web-based frame of reference type training. I designed the training
such that SLPs would finish with a common frame-of-reference for definitions of prosody
and with an understanding of speech prosody in persons with ASD.
The efficacy of web-based trainings to improve reliability has been previously
investigated. Støre-Valen et al. (2015) examined the efficacy of a web-based training
program in improving reliability of ratings for an overall assessment of health
functioning. The training included access to a manual and rating instructions, 20 vignettes
with patients of varying symptom severity, visual feedback which compared their scores
to gold-standard scores. The authors found that the participants with little to some
experience with the rating scale benefitted the most from training in terms of improving
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in reliability. Those with the most experience with the rating scale did not improve in
their reliability because it was already very high. Because I validated a novel rating scale,
I anticipated that the training would greatly improve reliability as SLPs gained familiarity
with the construct of speech prosody and speech prosody characteristics in persons with
ASD, practiced with the scale and received feedback on their performance compared to
“gold standard” ratings.
Based on the findings and treatment designs of (Brinca et al., 2015; Fay &
Latham, 1982; Melchers et al., 2011; Støre-Valen et al., 2015), the training in the present
study incorporated principles of active learning (e.g. knowledge of performance),
practice, and active participation. As noted previously, the training involved
familiarization with the definition of prosody to create a common “frame-of-reference”
for the construct. Additionally, the training included self-paced modules with feedback
provided for correct or incorrect ratings based on comparisons with expert ratings. The
scale itself was provided with examples of prosody for the end points and middle of the
scale that could be referenced prior to listening to each audio clip to be rated for
comparison and calibration purposes.
Purpose
The purpose of this study was to develop a brief rating scale of speech prosody
that had adequate validity, reliability, and efficiency to be used to screen the prosody of
children with ASD. A secondary purpose was to investigate whether a brief, web-based
training would improve the reliability of this rating scale.
Research Questions
1. Is this prosody rating scale reliable?
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a. What is the interrater reliability of the scale as measured by intraclass
correlations (ICCs) between raters?
I predicted that the overall interrater reliability would be moderate to good when
collapsed across all the SLPs since I anticipated the interrater reliability of the SLPs who
do not receive training to pull the overall interrater reliability down. I hypothesized that
interrater reliability would improve significantly after training because raters would have
a stronger, more uniform idea of what each level of the rating scale represented, which
would be less vulnerable to individual interpretation.
b. Does interrater reliability differ according to whether or not SLPs received
training prior to using the scale?
I hypothesized that interrater reliability would be higher for those SLPs who received
training because of their improved understanding of prosody generally and prosody in
ASD specifically.
c. What is the intra-rater reliability of the scale as determined by ICCs
between scores given by raters two weeks apart?
I hypothesized the intra-rater reliability would be moderate to good given that the interval
between ratings would not be very long. I anticipated that the intra-rater ICCs for those
who did not receive training would not be as stable as those who received training. I
d. Does intra-rater reliability differ according to whether or not SLPs
received training prior to using the scale?
I hypothesized that intra-rater reliability would be higher for the SLPs who received
training. I anticipated that intra-rater reliability would improve significantly after training
because raters would develop a more stable conceptualization of each level of the rating
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scale, insulating their ratings from other potential influences (e.g. mood).
2. Is this prosody rating scale valid?
a. Does this prosody rating scale provide adequate evidence of validity in its
test content?
I hypothesized that aligning my scale with current definitions of speech prosody, building
it to reflect the range of prosodic presentation in children with ASD, and evaluating if
SLPs’ rationale for their responses related to the construct of speech prosody would
sufficiently establish the evidence of validity in test content.
b. Does this prosody rating scale demonstrate adequate evidence of validity
in the response processes engaged in by raters?
The cognitive process I theorized the SLPs would engage in were as follows:
1. Listen to the audio clip,
2. Compare what they heard with their existing conceptualization of
speech prosody,
3. Evaluate the variability of speech prosody in the clip with speech
prosody in children with ASD and NTD based on their experience
with these groups,
4. Provide a score based on that evaluation.
I expected that evidence of validity based on raters’ response processes would
accumulate if SLPs’ rationales for their prosody ratings was relevant to speech prosody
because this would reflect good alignment between the anticipated and actual cognitive
processes. Evidence of validity in this area would be negatively impacted if SLPs gave
irrelevant rationale for their ratings because this would reflect a lack of engagement with
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the task and/or an incorrect or incomplete conceptualization of speech prosody and thus
lack of alignment with the anticipated cognitive process.
I expected that response time would also have an effect on the evidence of
validity based on raters’ response processes. I hypothesized that if SLPs took longer than
3 days to complete a survey, their responses would decrease in validity because they
might not develop and maintain a consistent internal conceptualization of the rating scale
to apply across all audio clips, and if they were in the training group, they might not be
able to recall the training.
c. Does this prosody rating scale demonstrate sufficient evidence of validity
based on its relations to other relevant variables?
i. What is the evidence for concurrent discriminant validity as
measured by the associations of scores on this prosody rating scale
with narrative proficiency?
Because the prosody rating scale was designed to measure a construct very different from
narrative proficiency, I did not expect narrative proficiency to be strongly associated with
the prosody rating scale. If there were no significant associations between narrative
proficiency and the prosody rating scale, I hypothesized that it would be because the two
measures were assessing separate constructs. Thus, the dissociation between the measures
would provide evidence for the concurrent discriminant validity of the prosody rating
scale, even though the audio samples were taken from a narrative discourse.
i. What is the evidence for concurrent convergent validity as
measured by the relations of scores on this prosody rating scale
with F0 and F0 standard deviation measures?
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I expected that acoustic measures of pitch, i.e. F0 and F0 standard deviation, would
account for a moderate to large amount of the variance in prosody rating scale scores
given that prosody is comprised of several acoustic measures of pitch, but may include
elements that acoustic measurements fail to capture.
ii. What is the evidence for concurrent convergent validity as
measured by identifying the prosody rating scale score at which
raters consistently rated children as less socially acceptable,
defined as a social acceptability score of 5 or more?
I anticipated social acceptability ratings would account for a moderate to large amount of
variance in prosody rating scale scores. This is because previous research has shown that
persons with atypical prosodic patterns are rated as less likeable (Redford et al., 2018). I
expected that the less socially acceptable the child was rated, the more extreme the
prosody rating scale score would be.
iii. What is the evidence for concurrent convergent validity as
measured by identifying at what score on the prosody rating scale
children had a 75% chance of being rated as having ASD?
This question was primarily exploratory in nature. I did not know at what point(s) on the
scale children would be more likely to be rated as having ASD. I did expect there to be an
association at both ends of the scale, however. I anticipated that this variable would be
significantly associated with the prosody rating scale because sometimes the features that
humans pick up on to make disorder judgements are not readily picked up by acoustic
measures (Munson et al., 2003) and thus may be accurately measured by a perceptual
scale. Further, speech prosody has been associated with “frank” impressions of ASD (de
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Marchena & Miller, 2017; Fusaroli et al., 2017; Kissine & Geelhand, 2019), so I
hypothesized that there would be a point at which children were more likely to be
classified as having ASD. I expected that when the judgement of ASD was present the
prosody rating scale scores would become more extreme.
d. Are the consequences of testing, both intended and unintended, adequately
anticipated and accounted for in the development of this prosody rating
scale?
I hypothesized that if more atypical prosody was associated with less social acceptability
and increased impression of presence of ASD, the consequences of testing could be
positive in that children might receive services for prosody when they otherwise might
not. I posited that demographic variables such as geographic region, years of experience,
level of expertise with ASD, and/or work setting (school, private practice, university
clinic, etc.) and children’s demographic characteristics could play a role in SLPs’ prosody
ratings and consequent assessment and intervention decisions. I did not anticipate
significant differences in the speech prosody ratings based on demographic
characteristics of the children in the audio clips.

25

CHAPTER 2
METHOD
Participants
Children with ASD and typical development. Audio samples were drawn from
two sources. The first source was a set of narratives told by five children (three boys and
two girls) with ASD who participated in a single-subject multiple-baseline across
participants narrative intervention study (Gillam et al., 2015). The majority of these audio
samples came from the pre- and post-test administration of the TNL. A total of eight preand post-test TNL McDonalds’s retell stories were included because the post-test
recording of participant 001 and the pre-test recording of participant 004 were not
available. An additional three clips from the children in this study were used: one as an
anchor clip and two for training purposes. These participants with ASD were recruited
from a local autism clinic and ranged in age from 8 to 11 years old. All participants
achieved a score of 70 or above on the screening portion of the Universal Nonverbal
Intelligence Test (UNIT; Bracken & McCallum, 1998) and were classified as "verbally
fluent" on the Autism Diagnostic Observation Schedule (ADOS-2; Lord et al., 2012). The
language abilities of the participants varied widely with Core Language Scores on the
Clinical Evaluation of Language Fundamentals, 4th Edition (CELF-4; Semel, Wiig, &
Secord, 2003) ranging between 48 and 114, yet each participant demonstrated difficulty
in narrative language ability, whether in all aspects of narrative or primarily in
organizational components. Participants’ narrative ability was assessed prior to and
immediately after intervention using the first version of the TNL (Gillam & Pearson,
2004). The Narrative Language Ability Index scores, which have a similar interpretation
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as standard scores, ranged widely at both pre- and posttest. At pre-test, they ranged from
55 to 115 (60 points). At post-test, the gap narrowed, but scores still ranged from 76 to
124 (48 points).
The second source of audio samples was a set of narratives from children who
participated in the normative samples of both editions of the TNL (Gillam & Pearson,
2004, 2017). These children have been previously described in the TNL manuals (Gillam
& Pearson, 2004, 2017); however, I have included more specific information on the
subset of participants whose audio I used in this study (see Table 1). For eight of these
audio clips, I matched participants as closely as possible to the sex, age, and narrative
proficiency scores of the five participants from Gillam et al. (2015) at pre-and post-test
assessment. If no close matches for all three characteristics emerged, I matched first on
sex, then on age, and finally on narrative performance. Seven additional audio clips from
this source were included: one for training, four for validity, and two for anchoring
purposes. The sample of recordings in this study was relatively balanced in terms of
males and females (3:2). Females were slightly over-represented in this sample when
compared to national prevalence estimates (3:1; Loomes et al., 2017).
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Table 1
Characteristics of Children in the Audio Clips
Female
Characteristic
(n = 11)
a
Age in Months
101.1 (14.4)
b
Narrative Proficiency
104.5 (11.9)
Race
African American
1 (9.1%)
White
10 (90.9%)
Ethnicity
Hispanic
3 (27.3%)
Nonhispanic
8 (70%)
Diagnosis
ASD
5 (45.5%)
No ASD
6 (54.5%)

Male
(n = 15)
121.4 (13.4)
81.9 (14.6)
1 (6.7%)
14 (93.3%)
0 (0%)
15 (100%)
9 (60%)
6 (40%)

a

Age and narrative proficiency numbers represent M(SD), the remainder of
characteristics represent Count(percent of total).
b
There were two children who did not have narrative proficiency scores, so those
means and standard deviations were based on the reduced participant total.

SLP rating teams. There were two groups of SLPs: Expert SLPs and Rating
SLPs.
Expert SLPs. Three SLPs with expertise in ASD were recruited to listen to audio
clips and select anchors for each end and the middle of the prosody rating scale and to
provide “gold standard” ratings for audio clips. The a priori recruitment criteria for these
SLPs were that they were required to hold a current Certificate of Clinical Competence in
Speech-Language Pathology (CCC-SLP) from the American Speech-Language-Hearing
Association (ASHA), have at least five years of clinical experience, with at least three of
those years working closely with children with ASD, and a working knowledge of the
literature relating to prosody in ASD. As part of the rating process, demographic
information such as sex, geographic region, professional experience, etc. were gathered
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from these SLPs. None of the Expert SLPs participated in data collection or analysis of
the studies from which the audio samples were drawn. Demographic information of all
SLPs in the study, including Expert SLPs, is displayed in Table 2.
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Table 2
SLPs’ Demographic Information and ASD experience According to Group
Characteristic
Total
Experts
Not Trained
Trained
n = 45
n=3
n = 22
n = 20
a
Sex
43
Female
3 (100%)
21 (95.5%)
19 (95%)
(95.6%)
Male
2 (4.4%)
0 (0%)
1 (4.5%)
1 (5%)
Race/Ethnicity
Asian-American
2 (4.4%)
0 (0%)
2 (9.1%)
0 (0%)
43
White
3 (100%)
20 (90.9%)
20 (100%)
(95.6%)
Region
10
Midwest
1 (33.3%)
4 (18.2%)
5 (25%)
(22.2%)
Northeast
5 (11.1%)
0 (0%)
4 (18.2%)
1 (5%)
10
South
0 (0%)
3 (13.6%)
7 (35%)
(22.2%)
20
West
2 (66.7%)
11 (50%)
7 (35%)
(44.4%)
Education
42
Master’s
1 (33.3%)
21 (95.5%)
20 (100%)
(93.3%)
Doctorate
3 (6.7%)
2 (66.7%)
1 (4.5%)
0 (0%)
15.6
Years Practicingb
21.3 (15.6)
18.0 (10.5)
12.1 (8.3)
(10.2)
# Years Worked
14.9 (9.3) 21.3 (15.6)
17.2 (10.3)
11.3 (5.7)
w/ASD
37.7
% Total Clients w/ASD
63.3 (20.2)
35.5 (22.4)
36.2 (18.6)
(21.4)
42.8
% Clients w/ASD
51.7 (29.3)
49.2 (30.4)
34.4 (21.8)
(27.3)
% Current Clients w/
25.7
36.7 (20.2)
22.1 (15.8)
28.1 (29.5)
Level 3 ASD
(23.1)
% Current Clients w/
28.9
35.0 (13.2)
35.0 (23.0)
21.2 (15.3)
Level 2 ASD
(20.2)
% Current Clients w/
29.8
28.3 (20.2)
28.6 (24.9)
31.3 (31.4)
Level 1 ASD
(27.3)
a

Values given as Count(Percent of Total).
Values given as M(SD).

b

Rating SLPs. Once the Expert SLPs established anchors for the rating scale, 42
more SLPs were recruited through professional networks to rate the audio clips using the
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prosody rating scale. To participate, these SLPs were required to hold the CCC-SLP from
ASHA or be within one month of completing their clinical fellowship experience prior to
certification. All needed to have at least one academic year of clinical experience beyond
their graduate degree. Additionally, they needed to have provided regular individual or
group services to at least one child with ASD who was between the ages of 7 and 12
within the last year. As part of the rating process, demographic information such as sex,
geographic region, professional experience, etc. were gathered. None of these SLPs
participated in data collection or analysis of the studies from which the audio samples
were drawn.
While participants had the option of typing in their preferred gender category if it
was something other than male or female, no participants took this option. No
participants indicated they preferred not to answer. All participants marked either male or
female. The percentage of males in my sample (4.4%) is comparable to that of the overall
percent of male SLPs according to ASHA (4%; American Speech-Language-Hearing
Association, 2019). All rating team participants were Asian American or European
American. The percentage of SLPs who were European American (96%) in this study
was slightly higher than the percentage of SLPs in ASHA who are European American
(92%; American Speech-Language-Hearing Association, 2019). The percentage of SLPs
who were Asian American was slightly higher in my sample (4.4%) than Asian American
SLPs who are members of ASHA (3%; American Speech-Language-Hearing
Association, 2019). No participants said they preferred not to provide their race/ethnicity,
no participants typed in alternate race/ethnicity categories. There were no SLPs who were
African American or Black, American Indian or Alaska Native, Hispanic or Latinx,
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Middle Eastern or North African, or Native Hawaiian or Other Pacific Islander.
Materials
Speech samples. As noted previously, the audio clips in this study were taken
from the pre- and post-test administrations of the TNL in Gillam et al. (2015), the
normative samples of the TNL (Gillam & Pearson, 2004, 2017), and narrative retells and
novel narrative generations of the children who participated in Gillam et al. (2015). For
clips used in the direct validation of the prosody rating scale, I selected 30-second clips
from the McDonald’s subtest of the TNL for both children with ASD and NTD. By
selecting 30-seconds from the same narrative context, I standardized the length of the
samples as well as controlled for variability in linguistic content. I used a mixture of
McDonald’s retells, novel narrative generations, and narrative retells for indirect
validation, training, and anchor clips. In all of the clips, the 30-seconds were not taken
from the very beginning or very end of the narratives to ensure that the more stereotyped
prosodic patterns associated beginnings and endings of stories were omitted. Similarly, I
clipped all sections of dialogue from the audio clips. By excluding dialogue, I avoided the
use of character voices and/or overly exaggerated prosody that might be appropriate for a
narrative performance of a character but would not be appropriate in typical social
interaction.
All audio clips were recorded using digital voice recorders. Audio was then
uploaded to a secure server housed at Utah State University (USU). Because this was an
analysis of secondary data, recorder type, placement, and distance from the participant
were not standardized. Manipulations of the audio files were completed using Adobe
Audition. To the extent possible, extraneous sounds (e.g. examiner voice, tapping), were
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removed from the audio clips. All clips were converted to a single audio channel to
accommodate the fact that some sound files had one channel and some had two. The
amplitude of the clips was equalized to -20 dB prior to ratings being given.
Rating scales. SLPs rated each audio clip on three separate scales. The scale of
primary interest for this study was the prosody rating scale being validated. The
remaining two were a social acceptability scale and a binary rating of presence or absence
of ASD. I used these scales to support questions related to the prosody rating scale. All
scales are described below.
Prosody rating scale. This rating scale was a single-item, 7-point continuous
analogue scale ranging from one to seven (see Figure 1). A rating of one represented an
overly monotonous prosody pattern, which was defined as prosody that was flat,
uninflected, and lacking in variation so much so that it frequently distracted from the
message being communicated. A rating of four represented a prosody pattern that would
be typically expected of a child’s narrative retelling and did not draw attention to itself. A
rating of seven represented overly variable or “sing-songy” prosody that was so overly
modulated, variable, and exaggerated that it frequently distracted from the message being
communicated. These descriptive labels were selected after reading published literature
on the characteristics of prosody in ASD and listening to audio clips from the narratives
of children with ASD and children with NTD. I developed the scale to reflect the range in
prosody that I heard in the audio clips as well as the range of prosody patterns reflected in
the published literature on prosody in ASD from very unmodulated to overly variable
(Dahlgren et al., 2018; Diehl et al., 2009; Diehl et al., 2015; Fusaroli et al., 2017; Kissine
& Geelhand, 2019).
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Figure 1. Screenshot of the prosody rating scale as the SLPs saw it. SLPs clicked and
dragged the grey box along the light rectangle to indicate how unmodulated, over
modulated, or typical a given child’s prosody was. This scale was presented immediately
below each audio clip to be rated on the survey.

I chose a 7-point continuous analogue rating scale rather than an ordinal scale to
more adequately capture the nuances of prosody and to facilitate more precise analyses
(Finstad, 2010; Grant et al., 1999; Pfennings et al., 1995). When given too few response
options, as in a 5-point ordinal scale, for example, raters have been shown to place ratings
in-between response options (e.g. to put their response as “between a 2 and a 3”) rather
than definitively selecting one of the numbers (Finstad, 2010). Additionally, utilizing a
continuous scale enabled the use of statistical procedures which required less power and
could make more precise predictions. I elected to provide anchors at the ends and the
middle of the scale to provide some guidance in rating, particularly in the middle range,
since mid-scale ratings have been shown to be less consistent between and within raters
(Kreiman & Gerratt, 1998).
As can be seen in Figure 1, raters saw the numbers “1”, “4”, and “7” with the
descriptive labels “Extremely unmodulated – ‘robotic,’ ‘flat,’ ‘dry,’ ‘monotonous’”,
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“Typical”, and “Extremely variable – ‘sing-song,’ ‘exaggerated,’ ‘overly modulated,’”
placed beside each of the anchor numbers, respectively. A continuous slider appeared
beneath the scale labels for participants to mark their ratings. Audio exemplars
representative of the anchor points of the scale were available in the section immediately
prior to each audio clip for referencing and calibration.
Rating of social acceptability. In conjunction with rating the prosody of each
audio clip, SLPs rated the social acceptability of the child in the audio clip on a scale
from one to seven. I used a rating scale of social acceptability adapted from the
“likeability” scale presented in Redford et al. (2018). A score of one represented high
social acceptability (“This child would definitely be socially well-accepted by peers and
adults”) and a score of 7 represented low social acceptability (“This child would
definitely not be socially well-accepted by peers and adults”). I altered this scale by
changing it from a “likeability” to a social acceptability scale and by adjusting the
descriptive language at each end of the scale to reflect the change. I made these
adjustments in the scale because SLPs’ ratings of how much they personally like a child
might not be reflective of the child’s social acceptability to peers and adults in general.
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Figure 2. Screenshot of the question asking SLPs to rate the social acceptability of the
child speaker in a given audio clip. SLPs clicked and dragged the grey box toward 1 or 7
to indicate how socially accepted they thought the child would be by peers and adults.
This question was presented after the SLPs completed the prosody rating, but before they
indicated their impression of presence or absence of ASD in the child.

Rating of presence or absence of ASD. Finally, participants rated their perception
of the presence or absence of ASD for each clip. They answered the question “Would you
classify the child speaking in the above audio clip with ASD?” by clicking radial buttons
presented to the left of the words “yes” and “no”. While SLPs typically do not
independently diagnose ASD, I included this question to investigate the notion that
atypical speech prosody contributes to the “frank” presentation of ASD (de Marchena &
Miller, 2017).
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Figure 3. Screenshot of the question asking SLPs to rate the presence or absence of ASD
of the child speaker in a given audio clip. The SLPs clicked the radial button next to their
rating. This question was presented after the SLPs completed the prosody rating and the
social acceptability rating.

Surveys. All ratings of audio clips were collected and managed using REDCap
(Research Electronic Data Capture) tools hosted at Utah State University (Harris et al.,
2009, 2019). REDCap is a HIPAA-compliant, web-based software platform designed to
support data capture for research studies. REDCap offers a variety of response options
including, but not limited to, multiple choice, multiple response, customizable sliding
scales, and short and long response boxes. Longitudinal data are automatically linked
together. Links, audio, photos, and video may be embedded into survey questions. I chose
this system due to its security, customizability, and ability to track individuals’ responses
across multiple time points.
Training. To determine whether training improved reliability on the prosody
rating scale, 20 of the Rating SLPs were randomly selected to participate in a 15-30minute, self-paced on-line NearPod training module embedded within a REDCap survey
(see Figure 4). NearPod is a cloud-based program that allows instructors to embed a
variety of content (such as audio clips) and learning activities into a presentation to create
an interactive, engaging learning experience (NearPod, n.d.). The survey sent to the
Rating SLPs who were part of the training group included an embedded link to the
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NearPod training module. SLPs received instruction on the concept of prosody in general
and prosody in ASD specifically using text, audio, and visual supports. Then, the prosody
rating scale was presented with one audio exemplar for each anchor of the scale to orient
the SLPs to the levels of the scale. Finally, the SLPs practiced rating three different audio
clips and checked their ratings against the “gold standard” ratings of the Expert SLPs.
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Figure 4. Screenshot of part of the online training module. The white box at the top is
where the SLPs saw the NearPod presentation. SLPs clicked on the white triangle to
listen to pre-recorded training materials, then clicked on the black triangle below to listen
to audio. Any comments were entered in the free-response areas.
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Procedure
I validated the prosody rating scale in the following steps:
1) tentative audio clips were selected for SLPs to rate and to serve as anchors for
the scale,
2) Expert SLPs selected anchor clips and developed associated consensus ratings,
3) a preliminary version of the REDCap survey was developed and sent to the
Expert SLPs,
5) audio clips were selected to use in the training,
6) the NearPod training and the REDCap surveys were finalized,
7) the REDCap survey was sent to Rating SLPs,
8) audio clips were acoustically analyzed in Praat (Boersma & Weenink, 2013),
and results of the ratings were analyzed.
Audio clip selection and validation. I first clipped 30 seconds from the pre- and
post-test McDonald’s retells from the children in the Gillam et al. (2015) study. I also
selected other narrative retell and generation clips from this study that could serve as
potential anchors or training clips. Next, I identified children from the TNL normative
databases who were closely matched on sex, age, and narrative proficiency to the
children in the Gillam et al. (2015) study and clipped 30 second segments from their
McDonald’s retells. I compiled a list of potential anchor clips from these two groups of
children and presented the resulting 15 audio clips to the Expert SLPs to rate. None of the
potential anchor clips came from the pre- or post-test administration of the TNL in
Gillam et al. (2015). The Expert SLPs independently rated each of 15 potential anchor
stories on the 7-point rating scale. I selected three clips that the SLPs rated from this list
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to use in the online training. Consensus scores on these three clips were based on
averages of the Expert SLPs’ individual scores.
Once the Expert SLPs identified the anchor clips for the scale, they rated the
sixteen clips from the pre- and post-test McDonald’s retells of the eight children in
Gillam et al. (2015) and the age, sex, and narrative proficiency matched children from the
TNL normative sample. Additionally, the Expert SLPs re-rated four of the clips from the
first survey, for a total of 20 clips rated in this second survey. Shortly after completing
these second ratings, the Expert SLPs met together came to consensus on a final “gold
standard” score for each of the audio clips.
Rating SLP survey completion. Once the anchor stories were chosen, I created a
REDCap survey for the Rating SLPs to complete. Rating SLPs were assigned to the
training or no-training group based on a pre-defined list of participant numbers with a
random assignment of training/no-training next to each number. Rating SLPs randomized
to the training group received the REDCap survey with the NearPod training module
embedded. Those randomized to the no-training group received the same REDCap
survey, but without the NearPod training included.
After instructions and/or training, Rating SLPs listened to 20 audio clips. They
indicated their prosody rating of the clip, their rating of the social acceptability of the
child in the clip, and their impression of whether the child had ASD or not. The Rating
SLPs provided their reasoning behind each rating before proceeding to the next audio
clip. Rating SLPs were asked to complete the survey again after approximately two
weeks had elapsed to obtain intra-rater reliability information. Once all the Rating SLPs
completed the survey, the data were downloaded from REDCap and stored in a secure
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folder on USU’s Box system.
Acoustic parameter extraction. I used Praat to extract mean, minimum,
maximum, and standard deviation of F0 for each audio clip. All clips had a sampling rate
of 44.1 kHz and a sampling window length of 0.005 seconds. I set the minimum pitch to
100Hz and the maximum to 700Hz. I sought to cover a broad range of possible
fundamental frequencies because previous research suggested it can be in the higher F0
ranges where differentiation between ASD and NTD occurs (Diehl & Paul, 2013). All
acoustic parameters were collected in Hz because this is the globally accepted
measurement of frequency (Taylor & Thompson, 2008). All pitch data must be
interpreted with caution because of the overall low quality of recordings available.
Analysis Plan
Power and sample size analysis. Hox et al.'s (2010) observation that “optimal
design is a question of balancing statistical power against data collection costs” (p. 235)
applies in this case. Regarding sample size in multi-level modeling, Hox, citing Kreft
(1996), suggested following the 30/30 rule of thumb if fixed parameters in the models are
of most interest. That is, ideally, researchers have a sample size of 30 groups with 30
observations in each group when conducting multi-level model analyses where the
primary interest is in the fixed parameters of the models. If researchers are interested in
cross-level interactions, the sample size needs to be closer to 50 groups with 20
observations in each group. As I was interested in both the fixed parameters and any
relevant cross-level interactions, my goal was to have 50 groups with 20 observations in
each group. Given my budget of $2,169, I could afford to pay three SLPs $100 each to
serve as the expert raters and the 42 SLPs who rated the 20 audio clips $40 each. I
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gathered 60 initial ratings by the Expert SLPs, which was much less than the
recommended sample size, so their ratings were used for anchor selection and in
developing the “gold standard” ratings of prosody, not in the multi-level model analyses.
A total of 833 ratings each of prosody, presence/absence of ASD, and social acceptability
were collected from the 42 Rating SLPs at time 1 and 800 ratings were collected from the
40 SLPs at time 2 (differences due to incomplete surveys or attrition). Ultimately, 760
ratings were used for the final models at time 1 and 741 ratings at time 2. These numbers
came close to the 50/20 rule at 40/19 for time 1 and 39/19 at time 2, with each SLP
serving as a “group” and each rating serving as an “observation”. For a visual of the data
collection procedure and sample structure, see Figure 5.

43

Figure 5. Visualization of the complete data collection structure with model parameters
listed in boxes at the appropriate level. SLPs who rated the audio clip and their
characteristics are represented at level 4, then the 20 audio recordings are represented at
level 3. The three ratings that were given to each recording are at level 2. Level 1
represents the ratings for each scale given at time 1 and time 2.

Model fitting. Model fitting was conducted using a research question, theory
driven modeling approach. I started building models in the order of my research
questions. I compared initial models to the null model, then, significant predictors were
added in a nested approach to the models for the next research question. Subsequent
models were compared with the most representative model previously constructed.
Comparisons between models were performed using a likelihood ratio test. Non-
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significant terms were trimmed based on feedback from the likelihood ratio tests of
nested models until the most parsimonious model that adequately represented variance
was found. Variables that demonstrated significant skewness and/or prevented
convergence in the models were transformed as appropriate.
Missingness. Participants who completed less than half of the survey at either
time point were dropped from analyses. One participant rated just over half of the
recordings (i.e. 13/20) at time 1. Their responses were included in analyses, but for
recordings 14-20, data were missing at the lowest level of analysis. One participant
contacted me to say that they had rated the first half of their first survey with an incorrect
conceptualization of the scale, so their responses were dropped from analyses utilizing
data from the first time point (i.e. all analyses except intra-rater reliability). In all, one
participant’s data were excluded from analyses using data from the first time point. Three
participants’ data were excluded from analyses using data from the second time point (i.e.
intra-rater reliability) due to attrition.
When investigating the discriminant validity of the scale, I excluded all audio
clips where the children had incomplete TNL data. Because the TNL data did not
significantly improve the models when ASD diagnosis was controlled for, all subsequent
modeling was conducted using data sets that included participants with incomplete TNL
data. I hypothesized that the Expert SLPs represented a different underlying population of
SLPs from that of the Rating SLPs and there were too few of them to analyze as an
independent group, so their responses were not included in calculations of interrater and
intra-rater reliability nor for model fitting.
After reading feedback from several SLPs who stated that Recording 8 did not
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have enough speech to get a sense of the child’s prosody, this recording was removed
from the datasets for the final model fitting, resulting in one less child with ASD whose
speech was rated.
Reliability of the prosody rating scale. To calculate reliability estimates, I used
functions within the irr (Gamer et al., 2019) and psych (Revelle, 2019) packages in R. the
Participants with missing data were excluded from reliability estimates because the
methods used to calculate reliability did not tolerate missingness. Intra-class correlations
(ICC) were used for both interrater and intra-rater reliabilities. For interrater reliability,
only data from the first time point were utilized. Comparisons were made between the
raters. For intra-rater reliability, data from both time points were utilized and
comparisons were made between them.
Interrater reliability. My participants were drawn from a larger population of
SLPs who worked with children with ASD, so I chose the model option of a “twoway”
model over the “oneway” option in the “icc()” function of the irr package (Gamer et al.,
2019). Since I was interested how consistent the group of Rating SLPs were with each
other for interrater reliability (instead of how consistent they were independently), I set
the type option as “agreement” instead of “consistency.” Due to the fact that I used only
the first time point ratings to calculate interrater reliability (rather than a mean of all
ratings), I set the unit to “single” instead of “average.” I calculated the overall interrater
reliability and the training and no-training group-level interrater reliability for of the
Rating SLPs. In all cases, values of .75 or greater indicated “good” interrater reliability
(Koo & Li, 2016).
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Intra-rater reliability. To evaluate Rating SLPs’ consistency in prosody ratings
over time, I used the “testRetest()” function in the “psych” package in R 3.6.1 to
calculate the ICCs of this multi-level dataset (Revelle, 2019). Similar to interrater
reliability, in all cases values of .75 or more were interpreted as “good” intra-rater
reliability (Koo & Li, 2016).
Effects of training. To determine the effects of training, I interpreted a fully
crossed, multi-level mixed effects model (MLM) with SLPgroup added as a fixed effect
to a fully nested model with fixed effects that had previously been found significant to
see if group membership improved the model. In addition to the omnibus intra-rater
reliability ICC, separate inter- and intra-rater reliability ICCs were calculated for SLPs
who were trained and those who were not.
Validity of the Prosody Rating Scale
Content and rater response processes validity. Evidence of validity based on
the test content was determined by aligning the scale with current published definitions of
prosody (Szczepek Reed, 2011; ’t Hart et al., 1990; Tench, 1996; Wichmann, 2000) and
descriptions of prosody and pitch variability in children with ASD in published literature
(Dahlgren et al., 2018; Fusaroli et al., 2017; Kissine & Geelhand, 2019; Nakai et al.,
2014, 2017; Paul, Augustyn, et al., 2005) as recommended in the standards set out by
AERA, APA, and NCME (2014). This area of validity was also established by
determining if SLPs’ rationales for giving prosody ratings related to the overall construct
of prosody, as described below in conjunction with SLPs’ response processes.
Evidence of validity based on raters’ response processes was measured by asking
all raters to describe their rating process by telling why they rated audio clips as they did
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and by measuring survey completion time. As long as the participants gave a relevant
response for their rationale, I coded it as correct. If they gave an off-topic or irrelevant
response (e.g. XX or sldkfjso), I coded it as incorrect. If they did not provide a rationale, I
counted it as missing.
If participants took longer than 3 days to complete any one survey, it called into
question the validity of their response process because they might not have been able to
remember training items (if applicable) and would have been less able to calibrate with
themselves and maintain intra-rater reliability from item to item. To investigate the effect
of lengthy completion times, this variable was included as a predictor in validation
MLMs for the prosody rating scale (see below).
Evidence of validity based on relations to other variables. Evidence of validity
based on the relations to other variables was assessed through MLMs. The use of these
type of models allowed for assessing associations between the relevant variables while
simultaneously controlling for random variation between and within audio clips and
raters. Multi-level modeling has been proposed as a desirable alternative to more
traditional types of analyses due to its ability to handle missing data and to account for
relatedness of covariates (Baayen et al., 2008; Quené & van den Bergh, 2004).
To assess the discriminant evidence of validity, I built an MLM predicting
prosody rating scale scores based on narrative proficiency as measured by the TNL
(Gillam & Pearson, 2004, 2017) while controlling for audio recording, SLP raters, and
test edition variability. Because variability due to test edition was better accounted for by
ASD diagnosis, this variable was used instead of TNL edition (see Figure 6).
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Figure 6. MLM figure for evidence of discriminant validity as indicated by associations
between prosody ratings and TNL total quotient scores while controlling for ASD
diagnosis with random effects for individual SLPs and recordings.

Evidence for convergent validity was assessed by examining relations between
the prosody rating scale and variables including acoustic measures of F0 and F0 standard
deviation, ratings of social acceptability, and ratings of presence/absence of ASD. After
collecting the SLPs’ prosody rating scale scores, I explored patterns in these variables in
the data during the preliminary data explorations, then built the MLM (see Figure 7).
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Figure 7. MLM figure for associations between prosody ratings and significant
convergent validity measures including the interaction between ASD diagnosis and
ratings of presence/absence of ASD social acceptability and its quadratic term with
random effects for individual SLPs and recordings.

Additionally, to determine the prosody scores at which children were rated as
having a 5 on the social acceptability rating scale, I fit MLMs examining the associations
between social acceptability ratings and the same variables, added in the same order as in
the MLMs for the prosody rating scale (see Figure 8).
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Figure 8. MLM figure for associations between social acceptability and significant fixed
and random variables, including ASD diagnosis, the interactions between ratings of
presence/absence of ASD and prosody ratings and the associated quadratic term and
maximum F0 in recordings with random effects for individual SLPs and recordings.

To establish the point on the prosody rating scale at which children had a 75%
chance of being rated as having ASD, I fit MLMs investigating associations between
judgements of presence/absence of ASD and the same variables as the models for the
prosody rating scale, with ratings of prosody taking the place of ratings of ASD in the
model (see Figure 9).
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Figure 9. MLM figure for associations between ratings of presence/absence of ASD and
significant variables including ASD diagnosis, prosody rating scale scores and the
associated quadratic term, and social acceptability ratings with random effects for
individual SLPs and recordings.

Evidence of validity based on consequences of testing. After determining the
associations between the prosody rating scale and variables relating to discriminant and
convergent validity, I investigated variables that provided evidence for the validity of the
scale based on the intended and unintended consequences of testing.
Consequences of testing based on demographic variables such as sex and race of
both the rater and the children in the audio clips were explored. I explored the effects of
variables such as geographic region, years of experience, level of expertise with ASD,
and/or work setting (school, private practice, university clinic, etc.) and children’s
demographic characteristics in the observed data during the preliminary data exploration
phase. When meaningful were established, I added the relevant demographic variables as
fixed effect predictors in my statistical models (see Figure 10).
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Figure 10. MLM figure for associations between prosody ratings and significant fixed
and random variables including the interaction between ASD diagnosis and ratings of
presence/absence of ASD, social acceptability and its quadratic term, and the percent of
children with ASD that Rating SLPs had on their current caseload with random effects
for individual SLPs and recordings.

All analyses were performed using the “lme4,” “irr,” packages in R 3.6.1 (Bates
et al., 2015; Gamer et al., 2019; R Core Team, 2019; Revelle, 2019; Wickham, 2009).
The results of these explorations are given in the section below.
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CHAPTER 3
RESULTS
The purpose of this study was to develop and validate a brief prosody screening
instrument to be used as part of a larger battery of assessments to evaluate the strengths
and challenges of children with ASD. To this purpose, I asked two main research
questions. The first research question related to the reliability of the scale and whether a
brief, web-based training would improve reliability. The second question asked whether
the scale was valid, with four specific sub-areas of evidence of validity investigated,
namely, test content, response process, relations to other variables (e.g. convergent and
discriminant validity), and consequences of testing. Results are presented in tables and
graphically to highlight the meaningful relations I found between variables and
predictions (Bell, 2002; Pike & Rocconi, 2012).
Reliability
All reliability estimates were calculated on the dataset without Recording 8 in it.
Interrater reliability. These calculations were based on the scores of 40 raters,
19 who were trained and 21 who were not trained. Using the above specifications, the
overall interrater reliability for both the Trained and Not Trained SLP groups together
was .586, F(18, 707) = 60.8, p < .001, 95% CI [0.441, 0.759]. This level of interrater
reliability is considered moderate (Koo & Li, 2016), but was lower than my a priori target
number of .75. The interrater reliability for the Not Trained group was .546, F(18, 364) =
27.7, p < .001, 95% CI [0.395, 0.731] which was again moderate, but was lower than the
overall interrater reliability and below my a priori target of .75. Interrater reliability for
the Trained group was better than that of the Not Trained group at .631, F(18, 327) =
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35.3, p < .001, 95% CI [0.482, 0.793], but it was still moderate and below my a priori
target number of .75.
Intra-rater reliability. A total of 39 participants completed both surveys, 20 who
were trained and 19 who were not. The overall mean within person, across item reliability
was 0.73, (SD = 0.18). This was slightly below my a priori number of .75 and still
moderate reliability, similar to interrater reliability. The mean within person, across item
reliability for the group of SLPs who were Not Trained was moderate as indicated by an
ICC of 0.68, SD = 0.2. The training group’s reliability was higher at an ICC of 0.76, SD =
0.15, which was considered “good” according to Koo & Li (2016) and was above my a
priori number of .75.
Validity
I next addressed the validity of this prosody rating scale in the areas
recommended by the Standards for Educational and Psychological testing published by
the AERA, APA, and NCME (2014).
Content validity. Validity evidence for the content of the prosody rating scale
followed a primarily logical process based on definitions of speech prosody and
intonation proposed by previous authors (Nicolosi et al., 2004; Shriberg et al., 1990,
1992; ’t Hart et al., 1990; Tench, 1996; Wichmann, 2000), descriptions of speech prosody
in ASD in published literature (Dahlgren et al., 2018; Fusaroli et al., 2017; Kissine &
Geelhand, 2019; Nakai et al., 2014, 2017; Paul, Augustyn, et al., 2005) and consultations
with expert SLPs well-versed in prosody measures. Additional support for the content
validity of this measure was gathered by analyzing SLPs’ rational for why they gave the
prosody ratings they did for each recording, described in the next section.
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In my initial conceptualizations of the scale, I used a definition of “prosody” that
was too narrow; it essentially mimicked measures of F0, as one of my expert consultants
pointed out. So, I adjusted the scale to reflect a broader definition of prosody embraced in
much of the literature on prosody in ASD (see, for example, Fusaroli et al., 2017; Peppé,
2009). Ultimately, I created a working definition of prosody which represented a
synthesis of the definitions I found in the literature (Diehl & Paul, 2009; Nicolosi et al.,
2004; Shriberg et al., 1990, 1992; Szczepek Reed, 2011; ’t Hart et al., 1990; Tench, 1996;
Wichmann, 2000). The resulting amalgamated definition is as follows:
Prosody, broadly defined, is the melody of speech. Prosody involves the
suprasegmental aspects of speech. It is a conglomerate of elements that exist
above the level of phonemes, morphemes, words, and sentences. These
elements include intonation or pitch, stress, loudness, rate, rhythm, and, at
times, vocal quality. Prosody lacking in variation is unmodulated, flat, dry,
or robotic sounding. Overly variable prosody may be exaggerated, “singsong”, and/overly modulated.
Response processes validity. I used two metrics to assess response process
validity: SLPs’ given rationale for each audio clip and survey completion time. The first
analysis also provided support for the content validity of the scale. To assess content and
response process validity, I gathered SLPs’ rationale for why they gave the audio clips
the prosody rating they did, then coded the answers as either relevant, non-relevant, or
missing. There were no missing rationales for prosody ratings given. Seven of 1532
(0.46%) responses across both time points were coded as not relevant. The responses
coded as non-relevant were not related to prosody or demonstrated a misunderstanding of
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the purpose of the scale (e.g. commented on how pleasant a child’s prosody was to listen
to instead of evaluated the holistic characteristics of the speech prosody). These
responses tended to be evaluations of the narrative performance of the child (e.g.
“Somewhat slow and laborious narrative. Question if the student is disinterested or if he
requires extra language formulation time”), the likeability of the child or their prosody
(e.g. “She made her story interested and I wanted to listen to it, ” “I like her prosody. I
think she could read a story or tell a story well. It would keep my attention”) or were
unclear (e.g. “Nice job by student”). All other rationales were coded as relevant to the
question asked and ranged from quite short, as in “typical” or “WNL” to lengthier, as in:
This child's prosody was mostly typical but her expressive response was
slow, as if she could not formulate a response or recall the story. As she had
a response or recalled the story, her rate of speech increased as did the
intonational contour of her speech.
Thus, the majority of SLPs’ rationale fit within my overarching definition of speech
prosody and related to the specific question asked (e.g. “What was your reasoning for
giving the score you did for this child's prosody?”).
While evaluating the relevance of SLPs’ rationales, I noted that several SLPs
commented on the paucity of speech in Recording 8, so they were not able to get a good
sense of the child’s prosody. Of 81 responses from the SLPs across both time points for
this recording, 19 (23.5%) mentioned something about the audio quality of this recording
affecting their ratings. Illustrative examples included:
•

“The sample was too small to get a good feel…”,

57

•

“Based on the limited sample (seemed incomplete), it was monotonous….Not a
good sample to judge from.”

•

“This one is hard to hear…”

•

“This one was hard, as there was so little speech in the clip.”

I built many of my models with this recording included, but ultimately decided to exclude
it because the validity of the SLPs’ responses was called into question when they didn’t
have enough audio to work with. I ran the final models using a data set without this
recording in it. The results reported for the final models were based on this smaller data
set.
I investigated the effects of completion time in observed data explorations. There
were no limits on how long the SLPs could take to complete the survey. The overall
range of completion time was very large (.68 to 578.95 hours), but highly skewed. Most
participants took between one and two hours complete the study (see Figure 11). SLPs in
the trained group took an average of 120.8 (SD = 162.4) hours to complete the survey
while the not trained group took an average of 34.1 (SD = 77.8) hours to complete it.
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Figure 11. Observed data histogram of completion time of SLPs at both time points.
Red line is an overlaid density plot highlighting the general patterns of data.

Recall that in my method I planned to transform variables that demonstrated
skewness and/or resulted in model convergence problems. To that end, completion time
was log transformed because it was skewed toward the shorter completion times. I
classified completion time as an “SLP” factor, so I added it onto the previous best fit
model that included the diagnosis of ASD of the child in the recording (ASD Diagnosis),
mean F0, maximum F0 and the associated quadratic term, and social acceptability rating
and its quadratic term (see Figure 10). This model was built with the dataset including
Recording 8. Ultimately, the log likelihood ratio test between the model with completion
time and the nested model without it indicated that completion time did not significantly
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improve the model, b = 0.01, SE = 0.02, χ2 (11) = 0.42, p = .516. Thus, I did not include
this factor when I re-ran the models using the reduced dataset without Recording 8. The
lack of significant differences between the two nested models suggested that even though
there was a wide range in how long it took SLPs to complete the survey, the ratings of
children’s prosody were not significantly associated with survey completion time.
Ultimately, the process that the SLPs engaged in to rate the prosody of the
children in this data set appears to be consistent with what I expected because the large
majority of reasons given for the SLPs’ prosody ratings were relevant to prosody and the
question asked. Further, completion time was not significantly associated with the
prosody ratings, which suggested that SLPs’ response process, whether short or long, did
not affect the validity of their responses.
Relations to other variables. Relations to other variables were evaluated in terms
of evidence for concurrent discriminant validity, concurrent convergent validity, and
consequences of testing.
Concurrent discriminant validity. To evaluate this aspect of validity, I examined
the correlations between children’s narrative proficiency and prosody ratings given by the
Rating SLPs in the observed data (see Figure 12). These correlations revealed a
negligible negative correlation (-0.19) between narrative proficiency and prosody ratings.
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Figure 12. Correlation plot between the prosody rating scale (Pros. Rating), SLPs’
ratings of children’s ASD diagnosis (ASD Rate), the social acceptability rating scale
(Socacc), the time it took SLPs to complete the surveys (Comp. Time), children’s
narrative proficiency scores (TNL score), and children’s actual diagnosis of ASD or
NTD. Negative correlations are shown in variations of red. Positive correlations are
shown in variations of blue. Darker colors indicate stronger correlations, as do narrower
ovals. Actual correlation numbers are presented to the left of the graph in shades that
represent the direction and strength of the correlation.
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To confirm what I discovered in the observed data, I built an MLM with
children’s narrative proficiency as the main fixed effect variable. Children missing a
score for narrative proficiency (n = 2) were excluded from this MLM analysis. Because
the TNL2 was published in 2017 and the audio from the children with ASD were
collected prior to 2015, there were two versions of the TNL in my dataset. Therefore, I
included TNL version as a control variable in this MLM. When I compared the model
with narrative proficiency and TNL version in it to the model with just TNL version,
there was no significant difference in the models, b = 0.0001, SE = 0.01, χ2 (6) = 0.00, p
= .995, suggesting that the TNL measured a separate construct from the prosody rating
scale.
Interestingly, while the overall measure of narrative proficiency was not
significantly associated with prosody ratings, TNL version was. This did not make
theoretical sense because the versions should have been roughly equivalent in their
relation to prosody. After some investigation, I realized that all but two of the children
with ASD had been given the first version of the TNL, so it was likely that the variability
attributed to the TNL version was actually a function of ASD diagnosis. Consequently, I
added ASD Diagnosis into the model at this stage in the model building process rather
than later as I had planned. Comparisons between models with just ASD Diagnosis and
ASD Diagnosis plus TNL version were not significantly different when subjected to a
likelihood ratio test, b = .42, SE = 0.90, χ2 (6) = 0.21, p = .643), supporting the notion
that the variance attributed to the TNL version previously was more accurately attributed
to ASD diagnosis. I included ASD Diagnosis in all subsequent models.
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Concurrent convergent validity. I first examined the relations of several variables
with the prosody rating scale scores in the observed data, beginning with F0 measures,
then moving to comparisons with the social acceptability scale ratings and the ratings of
presence/absence of ASD. After I investigated relations in the observed data, I built
MLMs to further elucidate relevant relations between variables.
Observed data. I investigated the relations between the prosody rating scale and
four measures of F0: mean F0, minimum F0, maximum F0, and standard deviation of F0.
The raw Pearson product moment correlations between these variables are shown in
Figure 13. The measure of F0 that correlated most strongly with the prosody ratings was
mean F0 at r = 0.51, which was weaker than I expected. Also surprising was the fact that
standard deviation of F0, an acoustic measure of pitch variability, demonstrated a very
weak correlation with the prosody ratings (r = -0.08).
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Figure 13. Pearson’s correlation plot between the prosody rating scale (Pros. Rating) and
children’s mean F0, minimum F0, maximum F0, and standard deviation of F0 (SD of
F0). Negative correlations are shown in variations of red. Positive correlations are shown
in variations of blue. Darker colors indicate stronger correlations, as do narrower ovals.
Actual correlation numbers are presented to the left of the graph in shades that represent
the direction and strength of the correlation.

I investigated the relations between the prosody rating and mean F0 further by
looking at how it may have been related to SLPs’ ratings of presence/absence of ASD
and the children’s actual diagnosis of ASD, as shown in Figure 14. Interestingly, children
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who were rated as not having ASD and truly did not have ASD were generally rated as
having typical prosody on the prosody rating scale, regardless of their mean F0. The
children who were rated as having ASD, regardless of whether they actually had ASD or
not, in general, had higher mean F0 values and were rated with more variety along the
prosody rating scale (right facet of Figure 14).

Figure 14. Observed data scatter plot of relations between mean F0 and prosody ratings
given by 42 Rating SLPs on the original 20 audio recordings. A total of 833 ratings were
represented due to one SLP’s incomplete ratings. The plot is faceted by children’s actual
diagnosis of ASD and colored by SLPs’ ratings of whether the children had ASD. Lines
represent independently fit simple linear regressions with the naïve assumption of
independence.
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Along with measures of F0, I investigated relations between the prosody rating
scale and SLPs ratings of presence or absence of ASD. As can be seen in Figure 15, SLPs
were not accurate in their ratings of whether or not children had ASD, particularly for
children who actually had a diagnosis of ASD. Their accuracy was only about 50-60%
for children who had ASD. They were more accurate for children who did not have ASD,
with the percentage being more around 75% accurate for this group.

Figure 15. Observed data bar plot of the total number of ratings SLPs gave for the
children’s audio clips (n = 833), faceted by children’s actual diagnosis (ASDn = 418,
NTDn = 415). Colors within the bars represent SLPs’ ratings of presence/absence of
ASD. Uneven rating numbers were due to one participant not completing ratings for
recordings 14-20.
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Further investigation into the relations between prosody ratings and children’s
actual diagnosis is displayed in the histograms found in Figure 16. Most of the prosody
ratings of children with ASD were generally in the more variable range, but ratings were
present along the range of the prosody rating scale. The shape of the curve is much
different for the children with NTD. The bulk of their ratings were clustered around 3.54, suggesting that children with NTD were generally more typical sounding with some
sounding more monotonous. There were no prosody ratings for children with NTD
beyond about a 5 on the prosody rating scale.

Figure 16. Observed data histogram of prosody ratings (total = 833) given by Rating
SLPs at Time 1 faceted by actual ASD diagnosis of the children in the audio recordings.
Red lines are an overlaid density plot highlighting the general patterns of data.
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As I continued to investigate relations between variables in the data, a 3-way
interaction emerged between SLP group, ASD Rating, and actual ASD Diagnosis, see
Figure 17. Notice how the Expert SLPs were the only group of SLPs that did not
inaccurately rate children as having ASD when they did not have it (see right panel). It
also seemed as if the Expert SLPs had a more solidified conceptualization of what they
thought ASD “sounded” like. The Expert SLPs rated all of the children that had ASD
who they correctly rated as having ASD as having more variable prosody.

Figure 17. Observed data violin plot with overlaid box plot visualization of the 3-way
interaction between SLP group, ASD Rating, and ASD Diagnosis.
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Model building. To further assess the relations of the prosody rating scale with
other measures, I built a series of nested MLMs with fixed effects variables drawn from
constructs directly related to or similar to speech prosody. These included mean,
minimum, maximum F0, standard deviation of mean F0, SLPs’ ratings of the children’s
social acceptability, and SLPs’ ratings of whether they thought the child in the audio clip
had ASD or not. I began this section of model building with ASD Diagnosis only as a
fixed effect and added fixed effects individually, keeping those with significant
associations with prosody ratings as they surfaced. I investigated quadratic terms of all
fixed effects except the binary rating of presence or absence of ASD because I
constructed the prosody rating scale with typical prosody in the middle of the scale and
hypothesized that the relations between the variables would be curvilinear. The best fit
model of this stage of model building included ASD Diagnosis, mean F0, maximum F0
and its quadratic term, social acceptability and its quadratic term, and the percentage of
children with ASD an SLP had on their caseload. When I refit this model using the
adjusted dataset without recording 8 in it, mean F0, maximum F0 and its quadratic term
ceased to be significant, so the final best-fit main-effects model included main effects of
ASD Diagnosis, social acceptability and its quadratic term, and ASD percent.
After main effects modeling, I next investigated interactions. I began with the
three-way interaction between SLP group, SLP’s rating of children’s ASD diagnosis
(ASD Rating), and ASD Diagnosis that appeared in observed data explorations. Without
the expert group included in the dataset anymore, the three-way interaction was not
significant, F(1, 739.94) = 0.36, p = 0.548 according to the Wald test when I performed a
class ANOVA on the model using the “anova.merMod()” function of the “lme4”
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package in R 3.6.1 (Bates et al., 2015, p. 4). I subsequently tested the three, 2-way
interactions associated with this three-way interaction using likelihood ratio tests between
nested models. The fixed and random effects of most parsimonious model that
significantly improved the main-effects only model is displayed in Table 3.

Table 3
Best Fit MLM Predicting Prosody Ratings
Count
Intercept
Social Acceptability Rating – Linear
Social Acceptability Rating – Quadratic
% of Children with ASD on SLP Caseload
True ASD Dx: No vs. Yes
Rating of ASD Dx: No vs. Yes
Interaction: True ASD Dx vs. Rating of ASD
Dx
Num. obs.
Num. groups: SLP
Num. groups: Recording
Var.: SLP (Intercept)
Var: Recording (Intercept)
Var: Residual

b
0.2090
-0.375
0.0511
-0.0031
1.1985
-0.7608

(SE)
0.2328
0.0947
0.0133
0.0015
0.2486
0.1256

p

1.3047

0.1598 < 0.001

< 0.001
< 0.001
< 0.05
< 0.001
< 0.001

760
40
19
0.0302
0.2572
0.6589

This model contained a two-way interaction between ASD Rating and ASD Diagnosis, b
= -1.30, SE = 0.16, χ2 (10) = 63.70, p < 0.001. This interaction is graphically represented
in Figure 18.
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Figure 18. MLM interaction plot displaying two-way interaction between SLP ratings of
ASD and the children’s actual diagnosis from the best-fit model with all other predictors
held constant at their means. Solid dots with 95% confidence interval error bars represent
the model predictions. Light underlaid dots represent the raw SLP ratings.

As can be seen in the left panel, while holding all other variables constant at their
means, the children who were rated as not have ASD, but who actually had ASD were
rated as having more modulated prosody than those who were accurately rated as not
having ASD. Looking at the right panel in the figure, the same pattern appeared, but more
extremely so. The children who were rated as having ASD were rated as having more
modulated prosody. The prosody of the children who were rated as not having ASD
children was rated as less modulated.
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Interestingly, when looking at the observed data (shown as light dots in the figure)
in the left panel, there were clusters of ratings at a “4” for children who had ASD and
children who had NTD. This same clustering of “typical” ratings of prosody did not
appear in the right panel. The prosody ratings for children who were rated as having ASD
seemed to cluster at the ends of the scale, regardless of whether they actually had ASD or
not. So, even when the SLPs didn’t know the child’s diagnosis, they still rated children
who they thought had ASD as having atypical prosody, whether overly modulated or
under modulated. In general, the SLPs rated the children with ASD as having more
modulated prosody than the children with NTD.
Social acceptability associations. To investigate the degree to which scores on
this prosody rating scale were associated with ratings of social acceptability, I examined
at what points on the prosody rating scale children were consistently rated as less socially
acceptable (defined as a 5 or more on the social acceptability scale). I first built an MLM
examining the association between the social acceptability ratings and fixed effect
variables (see Figure 8). I used the same model building approach as with the prosody
rating scale and the rating of presence or absence of ASD. The terms included in the best
fit model can be seen in Table 4.
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Table 4
Best Fit MLM Predicting Social Acceptability Ratings
Count
Intercept
True ASD Dx: No vs. Yes
Rating of ASD Dx: No vs. Yes
Prosody Rating – Linear
Prosody Rating – Quadratic
Maximum F0 – Linear
Maximum F0 – Quadratic
SLPs’ Survey Completion Time in Hours
% Children with ASD Level 2 on SLP Caseload
Interaction: Rating of ASD Dx vs. Prosody
Rating – Linear
Interaction: Rating of ASD Dx vs. Prosody
Rating – Quadratic
Num. obs.
760
Num. groups: SLP
40
Num. groups: Recording
19
Var.: SLP (Intercept)
Var: Recording (Intercept)
Var: Residual

b
2.4159
0.4391
1.3167
0.1068
0.3452
0.3451
0.1757
0.0020
-0.0090

(SE)
0.1638
0.1377
0.1458
0.0727
0.0436
0.0833
0.0648
0.0006
0.0038

p
< 0.001
< 0.01
< 0.001
< 0.001
< 0.001
< 0.01
< 0.001
< 0.05

-0.0267 0.0780
-0.1484 0.0510

< 0.01

0.1846
0.0132
1.2262

Using the results from the model in Table 4, I located the prosody ratings that
were closest to the social acceptability ratings of 5. These “cut points” were at different
values for children with ASD (1.35, 6.32) and children with NTD (1.07, 6.60) as can be
seen in Figure 19. Children with ASD were rated as less socially acceptable at prosody
ratings of 1.35 or less and 6.32 or more. Children with NTD were rated as less socially
acceptable at prosody ratings of 1.07 or less and 6.60 or more. It would appear that the
range of prosody presentation that adversely affected social acceptability was larger for
children with ASD than for those with NTD.
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Figure 19. MLM “cut point” plot of SLPs’ ratings of participants’ social acceptability as
a function of their prosody from the best-fit model faceted by diagnosis with all other
predictors held constant at their means. Solid grey vertical lines represent the values on
the prosody rating scale at which children with ASD were rated as less socially
acceptable. Dotted grey vertical lines represent the values on the prosody rating scale at
which children with NTD were rated as less socially acceptable. The dashed grey
horizontal line represents the level of the social acceptability rating scale which was
designated as the point where children were less socially acceptable than their peers.

Figure 20 shows the moderating effect of social acceptability on the interaction
between ASD diagnosis and ASD rating in the best fit MLM of associations between
prosody ratings and social acceptability ratings (for model parameters, see Table 3).
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Children who were rated as moderately socially acceptable had lower prosody ratings
than the children who were rated as either very socially acceptable or very socially
unacceptable.

Figure 20. MLM interaction plot with moderating effect of SLPs’ social acceptability
rating of participants on their ratings of participants’ prosody. Black dashed lines
represent children with ASD. Grey solid lines represent children with NTD. Confidence
bands represent 95% confidence intervals.

Presence or absence of ASD rating associations. To answer the question of what
score(s) children had a 75% chance of being rated as having ASD, I examined at what
points on the prosody rating scale children had a .75 probability of being rated as having
ASD. I first built an MLM examining the association between the SLPs’ binary rating of
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whether the child had ASD or not and fixed effect variables. I used the same model
building approach as with the prosody rating scale. The terms included in the best fit
model can be seen in Table 5. I tested the interaction between social acceptability ratings
and ASD Tx Years, which had been significant in models that were built on the dataset
including recording 8. This interaction did not significantly improve the model using the
smaller dataset, possibly because of lack of power. Using the results from the best fit
model without interactions (see Table 5), I located the prosody ratings that were closest
to .75 predicted probability. These “cut points” were different for children with ASD and
those with NTD. Children with ASD had a .75 probability of being rated as having ASD
at prosody ratings of 1.77 and 5.88. The prosody ratings at which children with NTD had
a .75 probability of being rated as having ASD were 1.31 and 6.34. These “cut points”
can be seen in Figure 21.

Table 5
Best Fit MLM Predicting ASD Ratings
Count
Intercept
Social Acceptability Rating – Linear
Social Acceptability Rating – Quadratic
% of Children with ASD on SLP Caseload
True ASD Dx: No vs. Yes
Rating of ASD Dx: No vs. Yes
Num. obs.
Num. groups: SLP
Num. groups: Recording
Var.: SLP (Intercept)
Var: Recording (Intercept)

b
-4.8721
1.3856
0.2299
0.6593
0.7475
-0.0597

760
40
19
1.0751
0.3065

(SE)
p
0.6157 < 0.001
0.4475 < 0.01
0.1490
-0.0872 < 0.001
0.1067 < 0.001
0.0248 < 0.05
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Figure 21. MLM plot of predicted probability of SLPs rating children as having ASD as
a function of their prosody rating from the best-fit model with all other predictors held
constant at their means. Dashed line indicates 75% probability of being rated as ASD.
Solid grey vertical lines represent the values on the prosody rating scale at which children
had a .75 probability of being rated ASD.

Consequences of testing. Evidence of validity based on the consequences of
testing for different groups was first examined using observed data visualizations. Racial
and ethnic representation are important to consider when investigating this area of
validity (American Educational Research Association et al., 2014), so I examined these
variables in my observed data. As can be seen in Figure 22, my data were not
representative in these ways, so I was not able to include them in statistical modeling.
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Figure 22. Observed data violin plots with box plots overlaid for prosody ratings
according to children’s race for children in the sample.

Child sex, however, was sufficiently balanced between the groups that I was able
to investigate it statistically in my MLMs (see Figure 23).
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Figure 23. Observed data violin plots with box plots overlaid for the sex of children in
the sample and prosody ratings, faceted by actual diagnosis. Blue and black dots
represent the SLPs’ ratings of presence or absence of ASD, respectively.

Results from observed data visualizations were further explored with MLMs. The
process I followed built on the models previously described. After adding variables
related to convergent and discriminant validity, I added variables related to participant
characteristics, including children who provided audio and SLPs who rated the audio
clips. I built models with SLP characteristics first, then investigated the effects of child
characteristics. This part of the model-building was conducted before I trimmed
Recording 8 from the dataset, but the final models were refitted using the adjusted
dataset.
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SLP characteristics. The previous best-fit model for the prosody rating scale prior
to adding SLP characteristics included main effects for ASD Diagnosis, mean F0,
maximum F0 and its quadratic term, and social acceptability ratings. Consequences of
testing may be different for children evaluated by different SLPs, so I investigated the
relations between several SLP characteristics and the prosody rating scale, namely (listed
in the order they were built into the model): ASD Tx Years, the percent of the SLPs’
clients who had ASD across their career, ASD Percent, the percent of clients on the
SLPs’ current caseloads with ASD who required very substantial support (ASD Percent
Level 3), ASD Percent Level 2, the percent of clients on the SLPs’ current caseloads who
required support (ASD Percent Level 1), and completion time. The only SLP
characteristic which significantly improved the model was ASD Percent, b = -0.003, SE
= 0.002, χ2 (11) = 3.94, p = .047. This remained true even after I refit the models with the
dataset excluding recording 8 (See Table 3 and Figure 24). Those SLPs with more
children with ASD on their caseload rated the prosody of children as less modulated,
regardless of the children’s diagnosis or whether they were rated as having ASD.
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Figure 24. MLM interaction plot with moderating effect of percent of children with ASD
on SLPs’ current caseloads on ratings of participants’ prosody. Black solid lines represent
children with ASD. Grey solid lines represent children with NTD. Confidence bands
represent 95% confidence intervals.

Child characteristics. Due to limitations in the existing sample data and resulting
matching constraints, I was not able to fully assess the consequences of testing for those
children with ASD of various racial and ethnic backgrounds. The two child
characteristics I was able to investigate were ASD diagnosis, which was included in the
models from the beginning for reasons described previously, and the sex of the children
in the audio clips (Sex). I added Sex to the previous best fit model, but it did not
significantly improve the model fit, b = 0.18, SE = 0.33, χ2 (12) = 0.31, p = .580.
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CHAPTER 4
DISCUSSION
Overview
Speech prosody atypicalities have been noted in persons with ASD since its
presentation as a clinical entity (Asperger, 1944, 1991; Kanner, 1943). Yet, despite many
studies, including a systematic review and meta-analysis by Fusaroli and his colleagues
(2017), no universal characterization of speech prosody in ASD has been identified.
Evidence can be found to support characterizations of prosody in ASD as under
modulated, not different from typical, or overly variable (Dahlgren et al., 2018; Filipe et
al., 2014; Grossman et al., 2013; Irvine et al., 2016; Kissine & Geelhand, 2019; Nakai et
al., 2014, 2017; Parish-Morris et al., 2017; Paul et al., 2005; Thurber & Tager-Flusberg,
1993; Wynn et al., 2018). For those persons whose speech prosody is atypical and
interferes with daily functioning, valid, reliable, and efficient assessments of speech
prosody are needed (Paul, Shriberg, et al., 2005). Currently, there are only three validated
assessments for speech prosody specific to ASD and none of them are simultaneously
valid, reliable, and efficient (de Villiers et al., 2007; S. Peppé & McCann, 2003; Shriberg
et al., 1990, 1992).
In this study, I set out to validate a one-item, 7-point continuous analogue rating
scale for screening the speech prosody of children with ASD. My intent was to create an
easily accessible, valid, reliable, and efficient instrument for SLPs to include as part of an
assessment battery for children with ASD. Additionally, I sought to establish “good”
inter- and intra-rater reliability of the scale and to see if participants who engaged in a
brief, online training would show higher levels of reliability (Koo & Li, 2016).
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The rating scale ranged from 1-7 with anchor points at 1 (monotonous), 4
(typical), and 7 (overly modulated) to reflect the range of prosody presentation in
children with ASD. I then selected twenty 30-second audio clips from short narrative
discourse samples of children with ASD who participated in a narrative intervention
study (Gillam et al., 2015) and age and sex matched peers with NTD who participated in
the normative sample of the TNL (Gillam & Pearson, 2004, 2017). I selected 15 potential
anchor and training clips that a group of three Expert SLPs rated to develop “gold
standard” scores. These SLPs also selected clips to serve as the three anchors for the
scale. Once the anchors were selected and “gold standard” ratings determined, I
developed a brief web-based training for half of the SLPs to participate in. A total of 42
ASHA-certified SLPs who had children with ASD on their caseloads were recruited to
rate the 20 audio clips used for validation purposes. They rated the clips at two time
points, at least two-weeks apart. Half of the SLPs participated in the brief on-line
training.
Results were explored then analyzed in R 3.6.1 (R Core Team, 2019). Observed
data were plotted to examine any relevant relations. Then these explorations were
confirmed using linear mixed-effects modeling. Model building followed a theory-based,
research question driven approach. In all, some of my hypotheses were supported fully,
others not at all, and some were inconclusive. A discussion of implications of these
results follows along with an exploration of limitations of the study and possible future
directions.
Reliability
One of the primary purposes of this investigation was to determine if this prosody
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scale had adequate inter- and intra-rater reliability among and within SLPs so that it could
be used as a screening instrument. A related purpose was to see if training improved
reliability. I hypothesized that the overall inter- and intra-rater reliability would be
moderate to good and that the reliability ICCs of the trained groups would be
significantly higher than those who were not trained. These predictions mostly not
supported by the data. Of the six reliability ICCs I calculated, only the intra-rater
reliability of the trained group of SLPs met the criteria for “good” reliability, i.e. an ICC
of .75 or more (Koo & Li, 2016). This was consistent with the results in Brinca et al.
(2015). In all, these reliability findings suggested that, in its current form and with the
current training, this prosody scale was not adequately reliable to be used as an initial
screening tool for speech prosody in children with ASD. It is conceivable, however, that
the scale might be used as a progress monitoring tool in its current form since the intrarater reliability of SLPs who were trained was .76. Unfortunately, since this rating scale
did not have sufficient interrater reliability to be used as a screening tool, the issues with
initial assessment of prosody in ASD remain, namely the lack of fully validated, efficient
tools.
Content Validity and Response Process Validity
Evidence that the constructs being measured are consistent with the intended
constructs of a scale is critical in assessment development (American Educational
Research Association et al., 2014). To ensure that the construct of speech prosody
measured by this scale aligned with current conceptualizations of speech prosody and the
most current research on the characteristics of speech prosody in ASD, I developed a
synthesized working definition of speech prosody for use in this study. This definition
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was based on multiple published definitions of speech prosody (Nicolosi et al., 2004;
Shriberg et al., 1990, 1992; Szczepek Reed, 2011; ’t Hart et al., 1990; Tench, 1996).
Additionally, I designed the scale to reflect the range of prosody demonstrated by persons
with ASD according to the most current research (Dahlgren et al., 2018; Filipe et al.,
2014; Fusaroli et al., 2017; Grossman et al., 2013; Irvine et al., 2016; Kissine &
Geelhand, 2019; Nakai et al., 2014, 2017; Parish-Morris et al., 2017; Paul, Shriberg, et
al., 2005; Thurber & Tager-Flusberg, 1993; Wynn et al., 2018). To verify that this
alignment of content represented in the scale was successful, I analyzed the free response
prosody rating rationales provided by SLPs. Results revealed that, in large part, SLPs
gave rationales relevant to prosody, which suggested that the construct evaluated by the
scale was consistent with the one that I originally intended, i.e. speech prosody.
Along similar lines as ensuring that the content evaluated in an assessment is
valid, ensuring that raters engage in cognitive processes relevant to the task at hand is
also crucial for evidence of a test’s validity (American Educational Research Association
et al., 2014). Evidence to support the validity of the cognitive processes the SLPs
engaged in while assessing speech prosody using this scale was also gathered through the
analysis I performed to investigate the relevance of SLPs rating rationales to speech
prosody. The vast majority of SLPs provided rationales were relevant to speech prosody,
suggesting that SLPs were evaluating the children's prosody in relation to their previous
conceptualizations of speech prosody. For instance, SLPs who put “WNL” or “within
normal limits” evidenced by this short rationale that they, a) had a conception of
“normal” prosody, b) compared this conception with the audio sample they were rating,
c) determined that it matched their previous understanding of what “normal” speech
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prosody would be, and d) gave a rating according to this evaluation. This process was
closely aligned with what I expected SLPs’ cognitive processes to be while rating.
Further supporting the notion that the response processes of the SLPs was in line with
what I expected was the fact that the time it took the SLPs to complete the survey did not
have a significant association with their prosody rating scales and thus, it is possible that
SLPs who completed more than half of the survey did not alter their conceptualizations of
prosody nor their engagement with the task over time.
Relations to Other Variables
Discriminant validity: narrative proficiency. I included a measure of narrative
proficiency in my statistical model evaluating the evidence for discriminant validity
because I wanted to confirm that my scale measured a construct different from narrative
proficiency even though all of the audio samples in the study were taken from narrative
discourse. SLPs routinely evaluate children’s narrative proficiency (Ukrainetz, 2015) and
I reasoned that because speech prosody is overlaid on whatever speech it comes from
(Shriberg et al., 1992), it may have been possible for the SLPs to unintentionally let their
evaluation of the children’s narratives color their assessment of the children’s speech
prosody. This did not appear to be the case, however. Narrative proficiency was not
significantly associated with the prosody ratings, which suggested that the measure of
narrative proficiency and the prosody rating scale evaluated two separate constructs.
Convergent validity: F0 and speech prosody constructs. Of particular interest
in the validation of this scale were the relations between F0 measures and the prosody
ratings scale. My original formulation of the scale was as an “intonation” rating scale,
which is very closely tied to the construct of pitch (’t Hart et al., 1990; Tench, 1996;
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Wichmann, 2000) and although the scale in its current form aimed to capture a wider
definition of speech prosody than just what was captured by pitch, I hypothesized the
constructs to still be very closely tied. Interestingly, I did not find this to be the case in
the final models. None of the F0 measures were significantly associated with the prosody
rating scale in the end. This could be due to a number of factors. Perhaps the scale did not
measure a construct as closely related to speech prosody as I thought. Perhaps the scale
was not calibrated appropriately as the observed data for ratings of the children with NTD
seemed to imply. Importantly, though, the narrative proficiency scores of the children
were not significantly associated with the prosody ratings, so the ratings were not a proxy
for SLPs’ impressions of the children’s ability to tell a good story. It’s possible that SLPs
were influenced by factors such as grammar, vocabulary, and articulatory performance,
although based on the majority of their reported rationales for their prosody ratings, if
they were influenced by these factors, it was not purposefully so. Prior to rating the audio
clips, the SLPs were instructed to focus only on the children’s prosody and ignore other
factors like vocabulary and articulation. Anecdotally, however, some SLPs commented
on how difficult it was to focus only on the prosody of the children, so it is possible that
part of the reason F0 measures were not significantly associated with prosody ratings was
because SLPs were subconsciously rating features other than prosody. However, because
I did not explicitly measure variables related to grammar, vocabulary, and articulation,
the association of these variables with SLPs’ prosody ratings remains unknown.
These potential influences notwithstanding, it is possible that the reason for the
lack of association between F0 and the prosody rating scale was simply reduced sample
size. Before I removed Recording 8, mean F0 and maximum F0 were both significantly
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associated with the prosody rating scale scores. After I removed Recording 8, these
variables were no longer significant. Thus, it seemed likely that at least a portion of the
reason for lack of associations among these variables was the reduction in power to detect
an effect resulting from the removal of Recording 8.
Convergent validity: social acceptability and ratings of ASD. While I did not
have exact hypothesized numbers on the rating scale where I though children would be
more likely to be perceived as less socially acceptable or more likely to be rated as
having ASD, I did anticipate that there would be two distinct numbers on the prosody
rating scale, one at the lower end and one at the higher end for both scales. These
hypotheses were confirmed, but with modifications. The scores at which children were
rated as less socially acceptable were different for children with ASD and children with
NTD, even though SLPs were blind to which children had ASD and which had NTD. The
same was true to an even greater extent for the ratings of presence or absence of ASD;
children with ASD had different “cut points” at which they had a 75% chance of being
rated as having ASD. The direction in which the “cut points” were different was the same
between the two scales. For both the ratings of presence/absence of ASD and the social
acceptability ratings, the “cut points” were more restrictive for the children with ASD
than the children with NTD. For example, the “cut points” of the ratings of presence or
absence of ASD were at the prosody ratings of 1.77 and 5.88, while the numbers for
children with NTD were significantly more generous at 1.31 and 6.34 (see Figure 21).
This suggested that SLPs heard something different between the two groups. Like the
machine learning studies Fusaroli and his colleagues (2017) reported on, it would seem
that the acoustic signal of the speech of children with ASD communicated a difference to
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the SLPs that set them apart from their peers with NTD. Yet, as Fusaroli and his
colleagues concluded, we simply don’t have a clear idea of what that difference might be.
This conclusion was underscored by the fact that, even though SLPs heard
differences between the groups, those differences did not translate into accurate ratings of
the “true” diagnosis of the children. The SLPs only had audio information to make
judgements, and as it turned out, they were not very accurate in predicting which children
had ASD and which did not. This included the “expert” SLPs. While these SLPs were
more accurate than the Rating SLPs, they still did not consistently accurately rate which
children had ASD and which didn’t. It could be tempting to attribute this lack of accuracy
to the individual SLPs’ lack of knowledge or preparation or to the fact that SLPs do not
routinely diagnose ASD; however, recall that all of the SLPs in this sample had some, if
not extensive experience in working with children with ASD. One of the inclusionary
criteria for the study was that the SLPs had to be working with children with ASD on
their current caseload. This fact, along with the fact that all of the participating SLPs had
their Certificate of Clinical Competence from ASHA, suggested that the task of
identifying the presence/absence of ASD based solely on speech prosody may be
difficult, if not impossible, even for highly trained individuals. This could have been
because of the variability of speech prosody characteristics in ASD or some other
variable; it was not clear at this point. Testing for that reason of SLPs’ inaccuracy was
beyond the scope of this study, so the true reason remains unknown.
Consequences of Testing: Scale Representativeness
There was no association of Sex with the prosody rating scale based on my
analyses. While there is some evidence to support that males and females exhibit
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differences in prosodic characteristics at the ages of the children in my audio sample
(Berger et al., 2019; Guzman et al., 2014), sex differences did not play a significant role
in SLPs’ prosody ratings in this study. This strengthens the case for the evidence of
validity related to consequences of testing for my scale because it suggests that, were it
sufficiently reliable, this scale could be used effectively with both male and female
children with ASD. This of particular importance because many researchers suggest there
are more females with ASD than prevalence estimates would suggest (Halladay et al.,
2015; Parish-Morris et al., 2017; Van Wijngaarden-Cremers et al., 2014) and thus may be
underserved. The underrepresentation of females in ASD estimates may in part be related
to learned prosodic patterns that may serve to camouflage their ASD (Gamer et al., 2019;
Parish-Morris et al., 2017), so an assessment that could be used equally well for males
and females with ASD would be particularly useful.
Limitations and Future Directions
While the results of this validation study were promising, several limitations
prevent the widespread use of this tool as it currently stands, leaving room for future
development of the tool.
Audio clip quality. One of the primary limitations of to this study was the lack of
control over the quality of the audio clips that the SLPs rated. While all of the clips were
normalized to the same dB level, there were still variations in the perceived sound levels
of the recordings according to the SLPs. Similarly, I clipped as much background noise
out of the clips as possible, but I was unable to remove all of the background noise and
fully account for microphone quality. Because the ratings using the scale depended on the
audio samples, the validity of the scale was not as robust because of the lower quality
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audio.
Recall from the Methods section that in order to avoid stereotyped utterances
associated with the beginnings and endings of narratives and unnatural prosody resulting
from dialogue, any instances of these types of speech were removed from the audio clips.
Avoiding stereotyped and unnatural utterances created problems in itself, however, the
main one of which was a loss of naturalness. Because I wanted to alter the audio samples
as little as possible, when I removed portions of the clips, I did not remove any pause
time either before or after the clipped segment. Consequently, often two short pauses
were combined into one longer pause, which affected the SLPs’ ratings of the clips. If the
clipping did not result in a long pause, the remaining speech was sometimes stilted and
unnatural, which also affected SLPs’ ratings. An extreme, yet illustrative example of this
was Recording 8 from my sample. The participant in this clip employed long pauses in
his narrative even without any alteration to the clip, presumably to allow formulation and
organization time (Hallin et al., 2016; Irvine et al., 2016; Thurber & Tager-Flusberg,
1993). Most of the speaking portion of his narrative was dialogue, so when I clipped the
dialogue from his story, his long pauses combined into even longer pauses. The resulting
30 second clip had very little speech and the SLPs commented on the difficulty of rating
this sample. Representative comments include: “very flat sample, but also not a lot of
speech,” “not a good sample to judge from,” and “really not sure on this one - not enough
of a speaking sample.” While the problems caused by removing beginning and ending
speech as well as dialogue were extreme in this case (I ultimately excluded the ratings of
this clip from the final analysis), the same issues were present to a lesser extent in
narratives from the other children. So, while this iteration of the validation of the scale
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provided promise for its use, it would need to be validated on unmodified 30 second clips
before it could be widely implemented.
A related issue was that this set of audio samples was taken from a narrative
context only. Because this is a context that may be commonly available to SLPs as it is
already part of their assessment battery, to gain a more complete picture of a students’
prosody it may be necessary to collect a non-narrative connected speech sample or a
conversational speech sample similar to the PVSP (McSweeny & Shriberg, 2001;
Shriberg et al., 1990, 1992). This would also solve the problem of needing to remove
sections of the audio file that contained dialogue and narrative beginnings and endings.
Sample representativeness and statistical power. One limitation of this study
was the fact that the children in the audio samples were not very racially diverse. While
this was a byproduct of using the data readily available, the validation of this rating scale
would be strengthened by including more racially diverse children in the audio clips.
Similarly, because I collected a convenience sample of SLPs to rate the audio clips,
certain races and ethnicities were not represented in the SLP sample. While the
representation of different genders and, to some extent, races in my sample of SLPs was
fairly consistent with the overall demographic profile of SLPs in the United States
(American Speech-Language-Hearing Association, 2019), including a more diverse
sample of SLPs would reduce the threats to validity related to the consequences of
testing.
As noted previously, to ensure adequate evidence for validity in response
processes, I excluded recording 8 and its ratings from analysis. This reduced my
statistical power and therefore my ability to detect relations between some of the
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variables. The fact that mean F0 and maximum F0 were significantly associated with the
prosody rating scale before recording 8 was removed, but ceased to be significantly
associated afterward led me to believe that had I had more power in the final models, I
would have been able to detect associations between these F0 variables and the prosody
ratings scale as I had hypothesized.
Scale characteristics. I originally constructed the scale with three anchor points,
one at each end of the scale and one in the middle; however, it is possible that reliability
would have improved if I had given more anchors in the middle of the scale. This is due
to evidence suggesting that ratings are less stable in the middle of scales, so providing
more anchors in the mid points of the scale (e.g. at 2.5 and 5.5) may have improved
reliability measures (Kreiman & Gerratt, 1998).
It is also possible that increasing the number and altering the placement of the
example audio clips may have improved reliability. Audio exemplars representative of
the anchor points of the scale were available in the section immediately prior to each
audio clip for referencing and calibration. Had the anchor clips been embedded into the
rating scale itself, SLPs would have been able to compare the anchors to the clip they
were rating for more immediate referencing. This may have contributed to a firmer
representation of each level of the scale. Similarly, one audio example was available for
each anchor point of the scale. If participants had had access to more than one example of
each anchor point of the scale, they may have been able to create a more solid mental
representation of each level of the scale (Kreiman et al., 1993).
My results suggested that perhaps my scale was not calibrated correctly. The
majority of children with NTD were rated around a 3.5 on the scale (see Figure 8) instead
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of a 4, which I set as the “typical” score for the scale. If most of the kids with NTD were
rated at around 3.5, then it seemed like my scale was not aligning with children’s actual
performance, although when the children with ASD were included, the mean prosody
rating scale score was 4. Therefore, before altering the scale, I would want to test it in
more discourse contexts. It is not unlikely that children telling a story during a
standardized test might have reduced inflection due to lack of interest in the task. These
same children may be quite animated in other speaking contexts, which underscores what
Furr (2011) said about validating single-item scales over the course of multiple
administrations. Further validation with different contexts will be needed in order to
establish the “true” score on the scale that represents “typical” prosody.
Training. I included a training component to the validation of this scale because
evidence suggests that training is needed for acceptable levels of reliability to be reached
(Barsties et al., 2017; Eadie & Baylor, 2006; Fay & Latham, 1982; Støre-Valen et al.,
2015). My original intention was for the training to be brief and easily implemented,
which is why I created a short, web-based training. It was encouraging that intra-rater
reliability for the trained group was good (ICC = .76) and this finding is consistent with
Brinca and colleagues' (2015) finding that suggested that the inclusion of speech-sample
anchors improves reliability. Nevertheless, it appears that the training as originally
designed was not sufficient to achieve good levels of interrater reliability. As currently
presented the training group received what Kreiman et al. (1993) characterized as
“orientation” level training. This level of training involves basic definitions of scale
levels, examples at anchor points on the scale and limited practice opportunities (less than
20). It is likely that if I increased the number of practice opportunities in my training
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protocol and made the anchor examples available during the rating process (i.e. on the
same REDCap page instead of the page previous to the clip to be rated), reliability would
increase (Melchers et al., 2011). According to Gerratt and colleagues (1993), the most
stable ratings are achieved when the levels of a ratings scale are anchored with an
auditory exemplar. The vocal quality rating scale they tested had five anchor points, so
it’s could be that if I added at least two more anchors to my scale, the ratings would
become more stable in a similar manner.
Conclusion
The initial validation of this rating scale resulted in a limited but encouraging
proof of concept for this scale. Evidence of validity in the five areas recommended in
American Educational Research Association et al. (2014) showed some promise,
particularly in the area of evidence of validity based on relations to other variables. While
the scale did not reach the levels of interrater reliability I had initially projected, interrater
reliability was still moderate for both groups. Intra-rater reliability was moderate for the
untrained group and good for the trained group, suggesting that training might improve
the reliability of scale scores, especially if improvements were made to the current
training. In all, this screening instrument is not ready for use in its current form, but given
improvements in audio clip quality, representativeness of both children in the audio clips
and SLPs, and improved training of SLPs, it has the potential to improve efficiency of
speech prosody assessment for children with ASD.
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